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PRE FAC E. 


'Timi' « jbjL‘Ct of tho “World before the Dclufjc” is to trace 
thc^ prtjyiessivc steps by which the caith h.is reached its 
proscnt state, from that condition of chaos when it “was 
without foiin and void, and darkness was upon the face of 
, the deep,” ancJ to describe the v<irious convulsions and 
transformations "•laoufjlj which it has successively passed 
In tlic words of tAe poet — 

* Uhi.r«. r<ill' tlie<I<.c|>, tl».rc i;iv\\ the tr«.e, 

0 I trill will! I Iisiigts Ifist thou sn 11 ' 

1 litre, where the luii,; strttt rour-, hitU httii 

'I he -iltiitt lit (hecentril -.ct ” 

• 

It lifivmt' been thouijht dcsiiablc tli.it the Hncilish edition 
of the w ork should umler^o a thorouy;h revision by a practical 
ijcolojiist, the late Mr II W Hristow performed this task 
Ml Hristow, however, confined hiniselt to i^uch alterations 
a-? 'weie necessary to secure .lecuracy in the statement 
of facts, and such additions as were requiwal to icprcscnt 
more jirccisely the exislmj; state of scientmic ojnnion M,any 
points which are more oi less mfereniWT and therefore 
PVtoatters of individual opinion, and especially those on w Inch 
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M I'lgiiicr basC'i his speculations, have been Icfr in their 
original form, in preference to making modifications which 
would wholly- ch.inge the ch.ir.icter of the book In a work 
whose purpose is to give the genenil reader' a siunmiiriscd 
account of the lesiilts at which science has arrived, and of the 
method of leasonmg regaidiiig the facts on which these 
generalisations rest, it would be out of place, as well as 
incflfcctive, to obscure general statements with those limi- 
tations which c.iutinn imjioses on the scientific investigator. 

In the original work the Author had n.iturally enough 
drawn most of his facts from Fiench jj^uJities , -nr the 
translation these are niostlj picscfveil, l»it others drawn 
from llntish Cicology h.ivc been added, either from the trans- 
lator's own knowledge, or fioni the works of w’cll-known 
Hntish writers It was coiistdeied desirable, for similai 
reasons, to enlarge upon the ojiinions of British geologists, 
to whom the h'rcnch woik scarcely docs justice, considering 
the extent to which the science is indebted to them for its 
elucidation 

In the original woik the chajiler on the Eruptive Rocks 
c.iine at the end of the w-ork, but, .is the work jirucccded, 
so many unc:k.v lamed .'illusions to that chapter were found 
that it seemed Jinire lngic<il, and more in accordance w ith 
chionological oftH-r, jf the expression may be used, to place 
th.it chapter at the beginning 
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A new edition of the French work havinjj appeared in 
the early part of i8C6, to which the Author contributed 
a ^haptei on Metainorphic R<»cki, .i translation of it is 
appended to the chapter on l^ruptive Rocks 

A chapter on the Rh.etic or I’enarth) beds hiis been 
.inserted fainongst muth othci original m.ittei), the stiali- 
fjrsiphical importance <if that series having been reeognisetl 
since- the publication of the First 1-ldition 

. The text of the l.itest Fnghsh edition was again revised 
by Mr Fiistow, and inan> iinpoitai.t arlditinns made 
The death ll'"'. distinguished geologist having, hi>\\cvei, 
deprived the wi-r^ of his fuithci supervision, the re-iditing 
of the jire^cnt issue has been entrusted to l)i Robert 
Ihnvvn, who, without materially inleifciing with the ckissi- 
Hcation adopted by Mi Bristow or with those theoiics of 
cosmogony and the Noachuin l>cluge foi which M Figiiicr 
is alone lesjxinsible, has made such collections as will 
bung the statements in this popular tre.itise once inoic 
abreast of the most generally accepted conclusions of moiloin 
rese.irch 
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Thh ohscncr wlio j^Lim os mir n m li ,uul fertile [ilnn. watered 
1^) rivers and streams wliuh 1ia\e iliirmji a liiiig serie's of a"es. 
juirsiied the simc uniform and tranuml roiirst ihe traveller who 
t ontennilates the walls and monuments ol a {treat ntv. tin first 
foundinir of which is lost *i tin muht ot aKc’s testitvinp a^iparenilv, 
to the uin hnni'eahleiie’ss ot thinus and ])luis tin niiuralist who 
exammes a mountain oi other lotalitv and finds the hills and valhvs 
and other a< < idents ol the soil m the verv s|)otand londition in wlmh 
the'v aiodesinlied liv historv and tradition none ot tin si observers 
would at tirst suspei t that anv serums i hainte liad ever ui i urn d to 
flisturb the surlaie of the {;Io1h Nevertheless tlu eartli h.is not 
.ilwavs jiiesente'd the i dm asi»eitot stahililv wlmh it now evhihits 
it has had its lonvulsions anil ys plivsnal revolutions whose story 
we are ahoiit to naee Ihe earth like the liorlv ol .in anim il, is 
wasted, as the ]ihilosoiihi( al Hutton t ‘lls us ,ii the sune time that it 
IS repaired It h.is a stale ol {trowtli and .luumenlaiion it has 
another state, whnh is that ol dimiinition and ileiav it is destroved 


in one part to be reiuwesl m another . and the operations bv which 
the renewal is at i oinphshed areas evideit to the siieiititie eve is 
those b> whnh it is destrovesi A thousand vauses. aipieoHs, 
it;ne«us, ,ind atmosphein, .ire lontinuallv at work. modityin{' the 
external form of the eirth weMnin; down the older portions of its 


surfare, and roeonstniitiiii; iieweT out ot tlie older , so tli.it m many 
fiart^ of the world demulation has taken {iktee t* exte'iit of manv 
thousaed feet liiiried in the depths ot the soi lor^e'^ imide in one 
of thobC vast excavationii which the mtrepiditv ot tin; miner has dii^ in 


search of coal or other minerals, there are numerous phenomena 
vhich strike the mind of the inquircT, and carry their ow.y conclusions 
■rith them. A striking incr&isc of temperature in these sutiterrane.in 
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placC'i is nno of tlio imist K'inarktililc of tiusc It is fDiind tlint th^ 
tfnii>cr.itiirc «l tin.* t'.irtli rists one ikj'n.c lor LVirj sixty or seventy 
loot ol dcsieiit Irom its surkue \g.iin if the iiiiiil- lie examined 
vortiL.illv. It Is Imind to consist ot a senes of lavers or beds, sonie- 
times hori/ontal, but more IretjuentI} im lined. u|iiiglil, or luiilOi'ed 
and undulating — even lolded ku k u|)on thLinselvLs 'I hen, insiaiueii 
.are numerous where huii/ontal and |i,irallel beds have been jiene- 
trated. and traversed veituallv or obluiuelv bj viiiis ot ores or 
minerals totallv ilidereiit in their ajuvarani i. and nature from the 
surrounding reieks Ml these iiiuliilations and varnng ini linations 
of strata are iiuluations that some pouerliil cause, some violent 
nieehaniial actioii, h.is interveiieel to prodiu e them iMiiall), it the 
interior of the beds be examined more mimitelv if. armed with the 
miiu'rs pick and liainnur the roe k is (areliillv biokenup- it is not mi 
possible that the verv first elioits at mining iiiav be rew.irde'd !>} the 
disroveiv ot some tossiliseel oruinii torm no longer toimd in the 
living state 'I he remains ot pi nils and amin ils Vie longing to the 
earlier .iges of the world are. in la< t. vei v« oiiimein , entire strata are 
sometimes lormed ol them, md in so^fii^ lix.ilities the roi ks can 
seareelv be distiiibed without viclding li igmetil#^ol bones and -shells, 
or the impressions ot fossilised amm.ds aiitl vegetaliK's -the liiineel 
remains ot extinct creations 

'Ihe-e bones Ihesv leiiiains of animals or veget.ibles whith the 
hammer of the geologist h-is torn Iroiii the rock belong jiossiblv 
to some organisiii whuli no longei anv where exists it mav not be 
icUnlital with .inv amin il or plant living in our times but it is 
evident that these beings, wliose remains .ire now so cleeplv buried, 
h.ive not alw.-ivs been so e overed . ihev unee lived on the surface ofi 
the earth as pi ints and animals do m our clavs, ten their oiganisation 
is essenti.'illv the same '1 he beds m which line now repose must, 
then, in older times have lormed the surf.u e ol the c.irth , and the' 
jireseiice of these* fossils |irovcs that the e.iilli has siilteicd great 
nnimtions .it sonje tcjrnier peiicxl ot its hisioiv 

(iLolog) ex]dains to us the various iraiisloimations vvhieh the 
c'.iith has p-nsseci through before itairived at its present c onditioii 
We i.aii determine, with its hel]i, the comparative epneh to winch 
anv beds belongf as well as the onler in which others h-ive been 
stipe'riinposecl iipoi] tJiem Coiisidenng th-it the stratigra]ihu.4l (:riist 
of the- earth with wlfieh the geologist has to deal may beanany milec 
thick, and that it lias been deposited in distiiii t layers m a definite 
cirder of suc^,ssidin, the dates or epoehs ot each torniation may well 
be .ipprchirTied with hesitaiioii .iiid laut.on. 
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1)t Hiilton, tlic earliest of our p 1 iilosu|>Iiu^l geciluj'ists, cIo(]UcntIy 
ol)ser\cs. 111 his ‘‘ I lieory ol the Ivirth,” that the solid earlli is c\cry- 
where waslul at tliL siirfaie 'I he summits of the moimtains are 
neiessarily dej'iadt.d 'IIil solid and WLijfhty materials of these 
ni'ituntams Iia\e eierviihere* lieeii <arritd tlirouf'h the valle-ys In the 
foneof rumiinj' water Ihesoilwhiih is produied m the destme- 
tiojj ol the solid earth is ^rraduall} transported l>> the moving waters, 
and Is as I onstaiitK supi)l)mjf \e{fetation with iS nec essarj aid 'Ihis 
drifted soil is at last deposited upon some loasi, where it forms a 
fertile country IJiii the billows ot the oeeaii .igain afiiiate the loose 
material upon the shore* wearing awa\ the ( oast w ith endless repetitions 
of this lUt ot [lowe'r and im|kirled font , the solid portion of oiii 
earth, thus sappetl to its foundations, is « arried awa\ into the deep 
anil sunk a^ Mil at tin. bottom ot tin sea whenee ii hatl originated 
,and from whi<h sooini or later it will af^ain m.ike its appearand We 
an. thus Ud to see .i ■ ircul.ition ot ilesiruelion and renewal m the 
matter ot whiuli the };lobe is tunned, aiul a s\slem ot heautitiil 
etonomj m the* works ol Nature Vjfim. discriminating between the 
ordinarv and s< leiititic observer, the sime writer remarks that it is not 
given to common observaiujn to sn the c>])eritic)n of pin sit al causes 
'I he shephetcl thinks the moimtain on which he keels his Hut k has 
alwavs been theie 'I he inhabitant ot the vallev c iiltivates the soil as 
his lathers did betoit lum, and thinks the soil toeval with the valley 
or the memntam liiit the sc lentilie observer looks into llie ihaiii 
ot jclivsic il t vents, sets tin gre.it changes that h.ive bun m.uli. and 
foiesees otheistbu must tollow trom the c ontinued cjpeiaTion ot like 
lUhiral causes J or as I’ythagoras taught 5 j.o vears 1. e , * the 
minerals and the miks. the isl mils and the coiilinenis the rivers and 
the seas, and all tng.mie Nature are peipcluallv changing, then is 
nothing st.iiion.irv on earth ’ lo note these c hinges to iieei|)her 
the re c ore Is ol this svsum of waste and rei onstriu tioii. to true the 
])hvsic.il histcirv Ilf the e irih -is the pioviiue ol (iHUdc.v whic'h. llic 
late*st of all modern silences, is thitwhiih has been modified most 
profoundlv .uicl most 1 ipidlv In short, resting as undoes on observa- 
‘ 'n. It lus been moebtied and irmstormed uumling to everv senes 
,*lf tjuts reeordecl , but while m.mv ol the facts ot geologv ailinit of 
S«v anil olivunis ileinonstr.itioii. it is far olherwise*''*,itli the infereiitcs 
wMeh have been based upon them, whiih ai*j mostly hy ])othetu .ak 
and in many mstam es from their very niiiire iri\a])able ol proijf Its 
applicatioiis are* numerous and vaned. pnijecting new and useful 
.lights ujion maiiv other seienie*s Here we ask of it the* teaehings 
^'w^ith serve lo evplain the origin ol the globij -tTit' videnee it 
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furnishes of tlic progre!>si\c funnation <}f the ilifferent rocks ami 
niincml masses of wlmh the earth is <umposeil -the deseri]ition and 
restoration ol tlie se\eral sjiec les of animals and vegetables which 
have existeil, ha\e died and become extmi t, anil whuli form, m the 
language of luturahsts, the Ftmna ami Moin of the ancient worlih 

In order to explain tlie origin ol the earth, and the cause of its 
various riMihitions, modern geologists m\oke tliree orders of facts, or 
fundamental t onsidi rations — 

1 'llic Inpothcsis ot the original incandescence ol the globe. 

If 'I'he consideration of fossils 

III '1 he suci essive deposition of the seilmientary rocks 

Asa ( orollan to these, the luitothcsis ot the upheaval of the 
earth's crust lollcms iipheacals haMiii; prodiucil loi.il resolutions 
I he result ol thi se u|ihi avals h.is been to supeiimpose neu mas 
tenals upon th< older rocks intioducmg cxtr.ineous loiks called 
Antptni, bene idi, upon and .unoni;st jireceding dLjiosits, m such a 
manner as to c hange their natiiie m dneii. wavs W hem e is derived 
a third i hss ol roi ks < ailed dA/«rOT(»///M<, of altered fOiks, our know 
ledge ol which is of coinpar.itivdv icient date 

1 Os-,1, -. 

The name of /,■>>;/ ('from /,»o/o» dug up) is given to all organised 
bodies, animal oi vc'gciabic, buiud nitui.dlv in the* tei rest rul strata, 
and more or less ]ielnlied, tint is, converted into stone hossils 
of the older form.itioiis arc remains ot iiiganisins whuh, so far as 
spec II s IS (oiuerned, are ipiite e*\tinct. and cinlv those of recent 
lormations belong to genera living m our cUivs 1 licse fossil remains 
have neither ihe lie.iiity nor the elegance of most living species, 
being mutil.itcd, disc oloiireil, and otten almost shapeless the> arc, 
thereiore* interesting oiilv in the eves of the observer who woiilcl 
interrogate tbeiii, .iiid who seeks to rec cinslnii t, with their assistance, 
the I'.iuna .mil l;lora ot past ages Nevertheless, the light they throw 
upcm the past history ol the earth is of the most satisfac tory dev rip- 
tion, and the scienie ol fossils, or |i.iI.i‘uiito1og\ , is now an important 
brand', of geologic .d imiuiiy I'ossil shells, m the more recent 
dejiosits, are fmrtfd -larcelv altered, in some f ases only an impres- 
sion of the extern lb lonii is left —suniel lines an entire cast, of the 
shell, exterior and interior In other cases the shell has left a perfect 
impression of its form m the surrounding mud, and has then been 
dissoKcd and washed away, leaving only its mould This mould, 
again, has sometimes been filleHl u]i by calcareous spar, silica, oi^ 
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pyrites, .md .711 cxnrt i.ist of the orij'innl shell lux thus been 
obtained Petniicd wood is also ol \ery common oaurrenoe 

'rhese remainb of nn earlier creation had long been known to the 
curious, and classed as fuaks 0/ Nature, for so we find them described 
ii>flie works of the anc icnt philoso]>hers who wrote on natural his- 
tory, ’and Ml the few treatises on the subject which the Middle Ages 
havb bccjiieathed to us h'ossil bones, esper lally those of elephants, 
were known to the ancients, gtxing nse to all sorts of legends ancl 
fabulous histones the tradition which attributed to Achilles, to 
‘Ajax, ancl to other heroes of the 'lioj.in war .1 height cif twenty 
feet, is attributable, no doubt, to the discoierj of the bones of 
eleiihaiits near their tombs In the tune ot I’eriilcs wc are assured 
that in the tomb of Aja\ a pahlla, or knee-bone of that hero, was 
found, which was as kirge as a dinncr-jilatc This was |)robabl> only 
tte iiatella of a fossil elephant 

I’he uses to w hic h fossils arc* apjihcd b\ the geologist arc — 1* irst, to 
ascertain the regain e .igc of the formations in which thci occur; 
second!), the conditions luvlcr which these were cK posited 'Ihe age 
of the tormation is del'erBuned In a eomixirison of the fossils it 
contnns with othefs of ascertained dale the coiiclilions under 
which the rocks were deposited, whclhei marine lacustrine, or 
terrestrial, arc leadih infeirecl iioin the nature ot the fossils 'Ihe 
great artist, I eouardo da \ im 1 was the first to 1 oinj^rehend the real 
me.imng ol tossils, .ind IJern iiel Pahssy hncl the glorv of being the 
first modern wrilci to pioilum the true chariiter ot the lossihsed 
remains which are met with, m^sueh mimbeis m certain formations, 
lx>tli 111 I’l.iiice and Itih, jurlii iilarlj m those of Toiirtine, where 
the\ h.td come more especialb under his noiicc In Iiis work on 
“Waters and Fountains,’ published in 1580, he uiamt.tins that Ihe 
fijiuinf sfiiHii, as tossils were then called, wore tlic remains of orga- 
nised beings jireseried at the bottom ol llie sea IJiit the existence 
of marine shells uiuui the suinmiis ol niouniains lud alread) arrested 
the atte*nlion of am lent authors Witness (^1 id. whom Hook XV 
of the •* Mel.iinorplioses ’ tells us he had seen land formcel at the 
expense ot the sea, and maitiie shells bing cU id far Iroin the ocean , 
and more than that, an ancient anchor h.icl been jouncl on the very 
siiinmit of .1 mountaui 

\ nil fn,lis<.\ terns 

V t 1 piligu eomhe |i(.uere iiiinii c, 

1 t Cl Ills iiueiiia C'l III muniilms .inchora -uniiiiis 

Ox , 1/c/l lllKlk XX. 

The Danish aiutomibl Steno, who published his principal xxorkb 
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in Italy nbuut the niulillo of the scvLiitLXiilIi L.nliiiy, hail deeply 
studied the fossil shells disiosered in that Louiilry. The Italian 
painter Scilla prodiiceil in ibjo a. J„itin treatise on the fossils of 
Calabiin, in \\hii.li he established the organic nature of tcissit 
shells 

'1 he eighteenth contur) gate birth to two icr) ojiposife theories 
as to the origin of our globe- iiamel), the Plutoiintii or igneous, anil 
the Xiptiinian or aipicoiis theorj' 'I’he Italian geologists gave a 
marked impulse to the stud) ot lossils, and the name ot \ alhsnieri* 
nia\ be cited as the author to whom siienie is indebted for the 
earliest account ot the marine deixtsits ot Italy, and of the most 
charai teristic organic remains which they loniain La/aaro Morof 
continued the studies of Vallisiiien, and the monk (Jcmerelli reduced 
to a complete sjstem the ideas ot these two geologists, endeavouring 
to explain all the phenomena as \ allisnieri had wrtslieil, “without 
violence, writhout liciion, without miracles ’ Mars;gh and Donati 
both studied in a scry siieiitilu mannei the lossil shells of Itah, 
and in jiartKiilar those of the A«lrialu' reiognisiug the tact that 
thev Jtfcited in their beds a rcgulai ano lonstant order of supei- 
position X 

In Frame the ulcbrated Ihillon gui In his eIoi|utnt writings, 
great populnnt) to the notions ot the Italian naturalists (omerning 
the origin of fossil nmams In his admirable ‘ Fiioipies de la 
Nature he sought to pnne that tin shills toiiiul in great iiiiantities 
buried m the soil, and e\in on the to|is ot mountains, belonged, in 
rcalit), to speiiis luit Ining in ourd.ivs Ihit this idea was too noxil 
not to find objectors it (ountiil among its .idxersarus the bold 
philosopher who nnglu luxe lieen e\j>e«tcd to adopt it with most 
ardour \ oltaire atlai ked, with his listing and biting mtuism, the 
doctrines of the illiistnous innox tior liiillon iiisistnl, reasonably 
enough, that the jjresiiiie of shells on the summit of tlie Mps was a 
proof that the sea h.id at one time oiiiipiid that position Ihit 
Voltaire asserted that the shells found on tin \lps and Apennines 
had been thrown there bx pilgrims riiiiriiing from Koine liulton 
might luxe rejilied to his opponent, bx pointing out whole mountains 
formed bj the aecMmulatioii of tluse shells lie might liaxc sent 
him to the 1’xrenee‘s sxhere shells ot iii.iniie origin ioxit imineiiie 

* I>i.i ( orpi Manni, A.C , 1721 

^ Sill Crtiilicei eil nlin Ciirpi Manni die si tnivanii sm Mmiii, 1740 

J Consult I.yill’s" I'nncijxlis uf ami ihc last iililiim of the 

*' Lleiiients,” ,tiiii much nexv inaitpr, for riirilier niformalioii relative tu the slinly 
of fussits during the la->t two icnturie* 
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areas to a height of 6,600 feet jho\e the present sea-k\el But his 
genius was averse to controversy , and the ])hilosopher of Femej 
himself put an end to a discussion in \\hn h. perhaps, he vvoiiUl not 
have hail the best of the argument ‘ I have no wisli, he wrote, “ to 
embroil mysell with Monsieur Button about sliells ’ 

It was reserved for the genius of (leoige Cuvier to draw from the 
study of fossils the most wonderful results it is the study of these 
remains, in short, whi<h, in < unjiint tion with iiiineralog}, constitutes 
in these ilavs jiositivu geologv “ It is to tossiN,' says the great 
Cuvier. “ th.it we owe tlie dis< overt of the true theorv ot the earth, 
wnthout them we should not have dre.iiiied, perhaps, th.it the globe 
w’as formed at simessive eiio< hs, ami b> a senes ol dillerent opera- 
tions. '1 hev alone, in short, tell iis with tertainu that the globe has 
not always h.ad the same envelope we eannot resist the eomiction 
tliat they must have lived on the surfaie of the earth before being 
buhed in its depths It is onlv bv analogy that we have evtended to 
the primary fonrtitions tlie liire-it (onihisions whiih tossils lurnish us 
with nr respet t to the seiondary tonuatioiis , anil il we had onlv 
iinfossililerous roiks to evaniine no one toiild niamtain that the 
eartli.vvas not forme^J all at ome ’ * 

The method .nlopted bv (nvie*r lor the rei onslniclion and 
restoration ol the fossil .nnnials found in the jtlasier c|iiarries ot Moiit 
martro, at tlie gates of Bans, has servetl as a model for .nil siuieedmg 
naturalists, let us listen, then to Ins e\])osition of the vast problem 
whose solntioii he proposenl to liimse-lt * In iiiv wuik on tossil 
bones, ’ he savs, ” 1 jiiojuise to ascen.un to wlial aniinals the osseous 
fragments belong , it is seeking to traverse .1 road on whu li we h.ue 
as vet only ventured a lew steps An antii|iiarv ot a new kind. 
It seemeHi to me* nei cssary to leani both to restore iliese monuments 
ot past revolutions, and to deiipher their me.'inmg I had to gather 
and bring logetlier in tlieir ]»nniitive order ihe fragments of which 
they' are t ompose’d . to re« oiistnu t the am lent beings to whuh these 
fragments belonged , lo reiirodme them in their ]iioportions aiul with 
tl^cjr charai teristu s to loiiipare them Imallv, vvith'otherb now living 
on the siirfai e of the globe an an it present little known, and which 
supposes a siieiue bearvelv tom hed upon as jet, namelv, th.it of the 
laws whiih preside owr tlie io-e\isteme ot the forms of the several 
piffts ui organised beings I must, then, jireiHire mvself for these 
researfhivs by gathers, still more e*\temleil, igioA evistnig animals. A 
gene'ral review ol aitual ireatiim loiild .done give i ihirutei of 

ft 
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"* “ O'.'.i'iiieiis fiissilos ’ (410), vol I , ii no 
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demonstration to my aiiount of these ancient inliabitants of the 
world , but It oii^ht. at the same tune, to (;i\e me a great collection 
of laws, ami of relations not less demonstrable, thus forming a body 
ot new Law s to w Inch the w hole animal kingdom could not fail to find 
itselt sulijci t ' * ' 

“ 1\ hen the sight of a few bones inspired me, more than twenty 
\ ears ago, w ith the idea ot applj mg the general laws of comparative 
anatoniv to the rei'onstriu tion and determination of fossil species , 
when 1 began to peneue that these spei les were not rpiite perfectly 
represented bv tiuise of our da\s which resembled them the most — 1 
no longer doubted that I trod upon a soil filled with spoils' more 
t \'riordinarv than any I had jet seen, and that I was destined to 
bring to light entire races unknown to the present world, and whii h 
’lad been buried tor m< aicniable ,iges at gre.it depths in the earth 

‘ I had not \ct gi\ on aiis .ittention to the ]>iil>lished notices of 
these hones. In naturalists who made no jiretension to the recognition 
ol their spe< ics 'I'o M \ atirin. howcccr. I owe the lirst intimation 
ot the evisteni e ot the->e bones, with whicli the gvpsiiin i|iiarries swarm 
Nune s[ie« linens wliuli he brought me one dav' struck me with 
astonishment I h irtieil with all the liUeTost, the disiovery could 
inspire me with, tliat this industrious and zealous collector had 
,ilread\ Itinuslicd some ol iliciu to other lolleitors Received by 
these am iteiirs with polite in ss 1 toimd in their i ollei tions much to 
lonfirm iii\ lioj es ind heughten mj ciinosite hroin that time I 
searched m all the iiiianus with great care tor other bones, offering 
sill 1 1 rew lids to the workiufii as might awaken their attention 1 
soon got together more than luid teir been ]>re\ionslj ( ollei te'd, and 
alter 1 *ew je.irs 1 bad noitiiiig to ilesire in the shape of materials 
Hut It was otherwise wi'h their arrangeunent. ,iiul with the recon- 
striii tion of the skeleton, whuh could alone lead to anj' just ide,i of 
the spei u's 

1 roin the lirst mmiierit of tliseoeere T jierceived that, in these 
remains, the sjieeies were miineTous Soon afterwards I saw that 
ihe‘\ belonged uJ iiian\ genera, ami that the spei ics of tne difierent 
genera were nearb tlii- same size so that size was likely rather to 
hinder than aid me Mine was the f ase ot a man to whom had been 
gisen at ramloin the mutilated ami iinperfei t remains of some 
hundreds t>t skeletl?iis belonging to iwenlj' sorts of animals , it ft^as 
nei essary that eat h* bone sliiuiltl tinil itselt alf>ngside that Jto which it 
ought to be loiiiucted it was almost like a small rcsurreetion, and 1 


* t),seiiijns fossilts ” (gto), viil i , pp I, 2 



had ribt at my disposal the all-pow crfiil trumpet Init I liatl tlie 
immutable Ians prescribed to living beings as my guide , and at the 
voice of the anatomist each bone and each part of a bone took Us 
place I ha\e not expressions viith which to desenlie the pleasure I 
ei^iencneed in finding that, as soon as I discovered the t haracter ol 
ff bejne, all the cunscipienc es of the character, more or less foreseen, 
dejifclopecl themselvtn in succession the feet were found lonfomiable 
to what the teeth announced, the teeth In tlial announced by 
the feet , the bones of tlic legs, of the ihiglis all those which ought 
to reunite these two estreme parts, were found to agree as I expected, 
in aVord, each s])ecies was reprciduced, >.o to speak, trom only one 
of Its elements ' * 

While the Haron Cmier was thus /ealoiidi prosecuting his in 
(|uines in I ranee, assisted bj man\ eminent fellow -labourers, what 
.was the state of geological science in the Hritish Islands^ About 
that same time, Dr William Smith, better known as "the father cif 
English geolog}V’ was preparing, unaided, tlie hrst geological map of 
his (ountry Dr Smith was a native of Oxfordshire, and a land 
surveyor m Somersetshire , his pursuits, thcrctore, brought him in 
the midst of these Jjieioglfphic s ot Nature It was his prat tic c. when 
tiavelling prolessionall), dunng manv ve.irsto c (Uisiilt masons miners, 
w.igoncrs, and agriculturists He examined the soil and in the 
course of Ins mc|uirics he came to the tonclusion that the earth was 
not all of the same age, that the rocks were arr.nnged in lajers, or 
strata, siipei iiiiiioscd on eai li other in a c ertain definite order, and 
that the strata, when ol the same age. t mild be identilied In means 
ot .their organic remains In*i 7 C)i) be icxined the iilan of Ins geo- 
logical map, showing the superjiosition ot the various lieds tor .i 
({uarter of a ceiiturv did he ptrsiie his self-allotted task, which was 
at last completed, and in i8r^ was published being the first attempt 
to construct a stmtigrapliu al map 

Taking the men in the order ol the objects of their investigation, 
rather than in chronologic'al order, brings betoro us the patient and 
s.igac lous investigator to whom wc are indebted tor our knowledge 
of the .Silurian svstem l*or mam vears a vast assemlilage of broken 
and ruiuorted beds had been observed on the borders of North 
Wales, stretching awav to the east as f.ir as ^Worcestershire, and to 
th^ south into Glouc ester, now nsing into inof^itains, now sinking 
into v^aTlei s 'The ablest geologists considered thbm as A mere labyrinth 
of nuns, whose order ol succession and distinctive organic remains 


• ‘ Oisonieiis fossiles,’ vol iv (4ti)l, n 
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were entirely unknown, ‘‘But a man came,’ as M ?”<tquiros 
eloquently writes., “who threw light upon this sublime lonfusion of 
elements ” Sir Koderick Impcy Murchison, then a young President 
of the (jeological Society, had his attention directed, as he himself 
informs us, to some of these beds on the lianks of the \\ ye After 
se\en jears of unremitting labour, he was rewarded by siucess He 
established the fact that these sedimentary rocks, penetrated h^re 
and there b> eniptnc masses of igneous origin, formed a unique 
system, to which he gave the name of Silunan, because the rocks 
which he considered the most typical of the whole were most fully 
de\eln]>ed, charged witli peculiar oq^anic remains m the land of 
the ancient Sihires who so bravely ujiposcd the Roman invaders 
ot their country It is, however, only fair to say that much of his 
success was due to his colleague. Professor Sedgwick, who had 
already clearly ilefined the general trend and classification of the 
Pal,eo70u strata of U ales 

To Professor Sedgn ii k also we are indebted for t^ie examination 
of the oldest slaty beds, and for provinjt in the most conclusive 
manner tlie Cambrian hk ks to be at the liase cf the Silurian 
Still It was reserved for Sir William L6gan, jhe Director of the 
(^anaduui (icologual Siirvev, to establish the fact that immense 
masses of gncissic tormation lav at the base of the Cambnan, and, bv 
subseciueiu investigations. Sir Roderick Mure hiscjn satisticcl himsclt 
tliat this formation was not conlincd to Canada, but was identic ak with 
tile rocks termed bv him InincLimentaHiiieiss, which exist m enormous 
inas.,es cm the west coast of Scutlaiul, .and which he pioved lo be the 
oldest stratitiecl rocks m the British 'Isles Siibseciucnilv he denioii- 
stratcxl the existence of these same lauirentian rocks in Bohemia and 
Bavaria, fai benc.ith the Silurian rucks of Barrande 

While Murchison and Sedgwick were prosecuting their ini|iiines 
into the SilurKin rocks, Hugh Miller ,ind many others had their 
attention occaipicd with the Old Red S,indslone — the Devonian of 
Sedgwick and Mure hison — which mimc*dialely overlies them After a 
youth passed in wandering among the woods and rocks of his native 
Cromarty, the day c,ame when iMiiler found himself twenty years of 
age, and, for the time, a workman in a quarry A hard fate he 
thought It at the lime, ,but to him it was the road lo fame and success 
in life 1 he qimrrv'^hi which he Liljoiircxl w.ls .at the bottom of a Ijiy 
formed bv the fnevuth 'of a river opening to the south, .a. cle.ir cairrent 
of water on one side, as he vividly described it, and a thic'k wood on' 
the other. In this silent spot, in the remote Highkinds, .a curious 
fossil tish of the Old Red Sandstone was revealcxl to him, its appear-* 
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ance struck him with .ist<inis)iniciit , a fdlou-ucrkniiin nnmctl .t 
where many such monuments tit a iomier wcirld were sraltcrccl about, 
he visited the place, and became a }'eulof;i'it and the historian of the 
‘•Old Red ’ And what strange fantastic furiiis did it afterwards fall 
tp*his lot to describe ' “’the figures on a ( hina \asc, or hgjjitian 
obelisk, ,iie says, “ditkr less frtim the real representation ot tlie 
ol^cets than the tosfll tislics of the ‘Old Red ditter from the lising 
forms w hich now sw im in our seas ’ 

The Laiboinfiton* LuncstotUi which underlies the coal, the Coal 
Measures themselves, the Jlul Sauihfone, the Ltas, and the 

Chalk, base in tluir turn found their historians, but it would be 
foreign to our objec t to dwell further here on these [lartic ular braiii lies 
of the sublet i 

Some few of ihe fossilistd bc'ings referred to resemble species still 
•found living, but the gi eater p.irt belong to species which ha\e be-i 
eijiiie altogether estiiic t '1 hese fossil n mains ma\ c'onslitiite natural 
families, none til the genera of which ha\c survued Siuh is the 
Pieioihictyl among Pter<j{»aurun reptiles , the Ammomk among 
Mollusca , the /</U/i\o\aui m and the JViuosan/ m among the I'lialio 
sauruin reptiles 4X1 other limes there are onl\ estiiit i genera, be- 
longing to families of wliith theie are still some genera now liMiig, as 
the genus Pa/ieo/iiuii\ among fishes I'inallv, in lertian deposits, 
we meet with sonic* extinct spe*tics belonging to genera of our existing 
fauraX the Mannnoth tor example*, ot the xoimgest I crtiarx deposits, 
is an cxlint t spet u*s of the genus elephant 

Some lossils are terrestrial, like the gigantic Irish slag, Ctmn 
im,i'aieio\, the snail or //c/A thiMatile or laeiistiine*, like the 
Plaiioihi'i, the l.viiiiiu-a the Phwa, and the Lnw, marine or 
inhabiting the sea exclusneU, as the Cowrj (t \piiea), and the Ulster, 
{Oitna) 

I'os-ils are sometimes pieserxenl in their natural si ite 01 are but 
very shghll> eh.inged Sueh is the state ol some of the lioiies e\- 
trarte’d from the more recent caxe*s, such also is the condition of 
the msec is round enclosed in the fossil resins m winch thev luxe be*en 
preserxed from dec oinpcisition , and certain shells found m recent 
and exen m old formations, such as the Jiirassic and Cretate-ous 
strata — in some of which the shells retain ijjeir I'oloiirs, as well as 
tlfcir ^ilhaiit pearlx lustre or n.icre At lrc?|jville, m Normand>, 
in the I^mnieridge strara, magnificent Amwomtes' Jitu founel in the 
i lay gnd marl, all brilliant with the eolours of mother-of-pearl In 
the Cretaceous beds at Maeheromcjml, some sp^i^ of Atuyloceras 
and HamiUs are found still cox'crcd with a nacre,, displaying brilliant 
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reflections of liliio, green, and red, and retaining an admirable "instre. 
At (51os, near Li*>icu\, m the Coral Rag, not only the Annnomtcs,\»A 
the 7'ngtwue and J7'iiM/ie have preserved :dl their brilliant nacre 
iiometimes these remains are much changed, the organic matter 
having entirely disappeared, it sometimes happens also, thoilg|;i 
rarel). that thev Ijccomc jvctrificd, that is to say, the external fonn is 
preserved, but the original organic elements liavd whollj disappeared, 
and have been replaceil b\ foreign mineral substance s— generallv by 
silica oi bv carbonate of lime 

Ccologv also enables us to draw verv important lonrUisions from 
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certain fossil remains whose true niture was long nusimderstood, and 
which, under the, name of lud giiin rise to miuli (on- 

troversial discussion <'o]irolite*s are* the ])Lin1ied evrtine'nts of 
extinct fossil annuals I he stndv <»f tin si sinmilir uinaiiis has 
thrown iinexpeited light on the habits and jilusiologn al organisation 
of some of the great vntediliiviaii animals I'hur exaiiiination has 
rc'vealed the stales apil teeth of fishes, thus enabling us to dcterm/le* 
the kind of food'iii whith the animals of the ancient world ndiilged: 
for example, the roprohtes of the great marine reptile whiih bears the 
n.ame of IJith^Qmnrus (ont.tin the Imnes of other animals, together 
with the remains of- the vertebne, or of the phalanges (luddlcs-bones) 
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of other 1« hth\oviiiri , sho^^lng that thi‘> animal hab'tiially fed on the* 
lle’ih of it'> own speiie's, a-* in my fishes, csiici lally the more* voracioiih 
ones, do iii oiir (I.i\ s 

^Thc ini]jriiits lelt upon mud or sand, which time* has hardened 
Slid transformed into sainlstone, furnish to the geologist another senes 
of yaliiahlh indn atious 'Ihc rejitiles of the am lent world, the turtles 
in ]>artu iilar, have lelt upon the* sands which time' has transformed 
into bloeVs (it stone, iminessions which i\ident1j rejiresenl the exact 
moulds ol the feet of those aiiiiiials 'I hese iiniiressions have, some- 
timei, been siiflicieiit for naturalists to detennine to what spc'Cies the 
animal belonge'd which thus left its impress on tlie wet ground home 
of these exhibit Irieks to which we sh.ill have* occasion to reler 
others present liaces of the tootpnnts of the great reptile known as 
_thc lAibyi titllioiioit xx CZ/c/yciMc///////, xehose footmarks slightly resemble 
tile inipress'on made by the human hand (l-ig 1 ) \notherwcll 
known ini])rc ssi^n, which has been left ujion the sandstone of C^orn 
cockle Mocjr. in numfricsshirc, is supposed to be the impress of the 
foot ol some great fossil 'Ilirile 

M e m.i\ be permitted to otter a short remark on this subject 
The "historian and anticpiarv may tra\crse the battle-fields of the 
(Ire'e'ks and Komaiis. and searc h in \ain tor trac is ut those coiniuerors, 
whose aimies ricagicl the world 'lime which has ocerthrown the 
inomuneiits ol thur mc tones has also elTaced the marks ot theirfoot- 
ste'iis , and ol the main millions ot men whose iinasions h.ne spread 
desolation throiiglioiil 1 mope, not cxiii a iraie of a lootprmt is left 
'I'lvise re[itiles on the other hand, which iiawle'd thousands ot ages 
ago on tlie surlac e ot our jilanit whe*n it was still in its int,in(y. h,ixe 
im])resse(l on the soil indelible proots ol their e.xisteiice Hannibal 
and his legions, the barbarians and their saiage hordes, luxe {xissed 
oxe'r the land wiihoiit leaxiiig .1 mate rial maik of their iiass.ige , while 
the ])oor turtle, winch dragged itse'll along the silent shores ot the 
pnmitixe se.is, h.is bvciueathed to learned posieiitx the image and 
impression of a jurl of its body 'I'hese imprints hiay be perceixed 
a<> flistinc tly on the rocks, as the’ trice s lelt on moist sand or in newlx- 
falle'ii snow by some .'inimal walking undir our own eyes 'W’hatgraxe 
rellections should be aw.ike'iied within us at the sight of these blocks 
ofttliardened earth which thus carry Kick our Pliouglits to the earlx 
age^ 0 ^ the world ' .ind hoxx insignifii ant semi the diHcuxenes ui the 
arcKcologisi who throws hiinselt into ec stac les before some piece ol 
tlreck or Ftruscan pottery, when compared with these xeritable 
^ntK|iiities of file earth ' " 

The palaeontologist (from ^a\a dx “ aiycii;pt, ’ um-os *■ being, ’ 
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“th*itoiirsL' ’), who oicupiL's himself with the stiidv of .inimatcd beings 
which h.i\e Ineil on the e.irtli, takes tareliil an omit also of the 
sort ot moulds Ictt l)\ orgmiised bodies in the line sediment winch 
has eneelopeel them alter deilh Many organii lieings have 1eft«no 
trace ol their existeme in Xatiire. exiepi tlieir impressions, v\ hit h we 
linei perlectly presorveHl m the !»anclstone and Imicsione, lii marl, or 
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cla\ and in ihi i oal measiir s and these moulds iie siiHm lent to tell 
ns the kind to which i|]< liviiic' aiiiiiials bi longeil We shall no doubt, 
astonish onr reaclers‘\vhen we tell them that there are blocks pfs^c^d- 
stone with dist'mtt impressions of drops of ram wliii h had fallen upon, 
sea-shores of the am lent world 'I he im])ressions of these rain-drops, 
made upon the; saiyils were preserves! by desic cation , and these Skinie^ 
sands, lieinif transformed by siibscc|uent hardening into solid and* 
< ihi'ent sandstones, tluir iiiipiessions li.ive been thus preserved to 
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tUC present (Li> I<i^ 2 represents impressiuns nl this kin<l upon the 
bandstono of ('onnci tu nt rive-r in kmorna. nlnih h^ve bee'n repro- 
duced Iroin the hloi k itself h\ ph(>togrn]jh\ In .1 depression ol the 
I'Sanitii ro< ks ol M.iss.i( hiisetts .ind C onnet ti( lit, tlie reil s.iiMlstone 
ocijLipies ,in .ire,i of a hundred .ind lift> miles in length Irom north to 
si^utli, and from fi\e.tu ten miles in bre.idth ' (Jn some shales of the 
finest testure," s.iys Sir< harles IacH. “ iin|>ressions ol lain-drops in.Lv 
lie seen, and easts pi them in the argilku eons s,indstones ” 1 he 

same impressions oiiur in the recent red niud of the Iki) of 1 und) 
In Addition to these tlie uiKliilations left l>\ the passaf'c of the uaters 
of the sea. over the s.tnds of the primitive tv odd, .ire presets eel lit the 
same physu nl agen< \ IV.ii es of undiil.ttions ot this kind li.i\e been 
found in tlie nt'ighbotirliood of Hotilogne-siir-Mer, and elsewhere 
bimilnr ]ihenomena ociiir in a still more striking manner in some 
sandstone (piarries worked at t'halmdret (Ilaute-Morne) '1 he striLi 
there present ^rat e's of the same kind over .t kirge .ire.i, and along 
with them impressions ol the everements ol marine worms One in.it 
almost imagine oneself lif he standing on the bca-shorc while the tide 
is ebbing 

klll'MIl tl. AMI NhlillVK IlMDItllSls Oi 1111 ( ll Ulli 

.\mong the mnuiner.ible htpotheses which hiim.in ingenuii) has 
tranied to explain the phenomeiki which surround the globe, die two 
whiih hate found most re.uU aiieptame h,ite been termetl re-per 
tivel} the (.'ill Mil \i , and thw Ni Ki 1 vk or iiiei h.inieal hvpothesis 
Hv the first ihe solid trust is sup|xiscd to hite euniained aliimil.im e 
of potassium, sodium t.iliium, m.ignesium, anil other niet.dhe ele 
inents 'Ihe iien olating waters, toming in eoiit.iel with the-.e siih- 
staiii es. prodiii e eonibin.ition-^ rcMilting m the lontersioii of the 
mel.ils into their osides iiot.idi soda, lime, anil magnesia — all ol 
whuli eiite-r large! \ iiilo the tomposi'ion ol tohanie rocks 'Ihc 
se'eond htpothesis mtohes the ule.i of .in ongm.vl int aiide scent mass 
df tapour, sun eeileil bt .1 gre.u and still esisling central lire 

'Mils lira of a gre.U lentral tire is a vert am nut htpothesis 
admitted bt Descartes, deteloiJe*d bv I eibmt/, and .ultocated In 
Auffon, It IS supposed to .11 count for man) phenomena otheiwise 111- 
expjtcablc , and it is eonfirmed bya crowd ol l.•ets, .pitl adopted or .it 
least not opposed, In the le.idmg authorities of the.ige Dr Ihw kl.ind 
maJees it the basis ol his llridgewater treatise Ilersihel. Hiiid. Mur- 
chison, I.)e‘II, Phillips, and otheT leading Kn^islw.'istroiuimers and 
geologists give a cautious adhesion to the tlucrniie. 'I he follow mg 
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ate ’»oinc of the iirinc ipal ar^micnfs adduced in support of the 
hspothcMb, for, jn the naUiie of the ijroofs it admits of, it can oe 
no more 

W hen we desc'end into the interior of a mine, it found that flie 
temperature rises in an apprecublc manner, and that it increases with 
the depth below the siirfai'e 

'Ihe high temperature of the waters in \itesian wells when these 
are sery deep, testmes to a great heat of the interior ol the earth 

The thermal waters which issiic from the* earth — of whuh the 
temperature sometimes rises to the boiling point and upwards — as, 
for instance, the Gl) sers ot 1< lKiiuI — lurnish another proof m support 
of the hypothesis 

Modern lokaiioes are said to bea\isiblc demonstration of the 
existence ut central heat The heated gases, the lujuid la\a, the 
llames which escape from their craters, all tend to prove sufHcicntly 
that the interior ot the globe has a temperature prodigiously elevated 
ns coni])ared witli that at its surface 

The disengagement of gases and buiAing vapours through the 
accidental fissures in the trust, whuh acwmijany carthipiakes, still 
lurther tends to establish the existence of a greaHieat in the interior 
of the globe 

^\e haie alreadj said that the Umptralure of the globe increases 
about one degree tor ever} fifty or sixty feet of depth beneath its 
siirtaic 'I’lie lorreitness of this obseiiatiuii has been lerified in a 
great number ot iiistaiiics indeed, to tlie greatest ileptli to wliuh 
man has penetrated, and been ,ililc Ksmake use of the tliermometer 
Now, as we know exaitli llie length of the r.uliiis of tlie lerrestnal 
sphere*. It has lueii c.ikulated from this [irogressioii of le*iii])eraturc*, 
supijosing It to be ngular an<l uniform, that the i eiitre of the globe 
ought to has e, It the present tune a mean tem|ieratiire of 195,000“ 
Centigrade. No matter <ould preserxe its solid stale at this ex- 
lessiie tcm]ierature , it follows then, that the tentre ol the globe, 
and all parts near the tentre, must be in a penn.inent state of 
fluidity 

The works of Werner, of Hutton, of Leopold von Uuth, of Hum- 
boldt, of Cordier, W Hopkins, Buekland, and some other Knglish 
philosophers, have reduced this hypothesis to a theory, on which has 
be*eii based, to a (.utiSiilerable extent, the whole science of ntCdein 
geology*, although, jiroperly sjicaking, and in the pupfibr ac- 
ceptation of the terni, that siience only de.ils with the solid crust of 
the earth '/ 

'ITie nebular theory thus embraces the whole solar system, and, 
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by analogy, the univcr'sc It dasiiincs that lliu si n was originally a 
inai>!> of incandescent matter, that \ast bucl\ licing brought into 
state of evolution by the action of laws to wiiiih the C’reator, in His 
divine wiacloin, has subjected all matter In ronsequcnce of its 
Hcimensc expansion ami attenuation, the exterior /one of vajiour, 
expaAding»beyond lh<i sphere ol attraction, is supposed to lu\e been 
thrdvvn ofl bycentnfiig.il foice 'Ihis /one of \a])our, which inaj 
be supposed at one tune to have resembled the rings of batiirn, would 
in time break u]» mlci several m.isses, and these masses coalescing 
into globes, would (b\ the greater jiower of attraction winch thej 
would .issiime as < unsolul.itesl bodies) revolve round the sun, and, 
from niechanie.il c niisider.itions, would .also revcjlve with .1 rotarv 
motion on their own axes 

'I'liis dcK trine is applied to all the planets, and .issiunes each to 
Ii,i>e been in ,i state ot ine.indev enl vapour, with .1 central inean- 
des< ent niii lens \s the cooling went on, evieh ol these bodies in.iy 
be supjiosed to luve thrown oil siinihir masses of vajioiir, whuh, by 
the operation of the sanic l,tws would .issume the rotary state, 
.and, as satellites revolve lound the jiareiit planet Such, in brief, 
was the grand coin edition of T«vplace , and surely it detmets nothing 
from our notions ol the ommpotc-nc e of the (.’realor th.it it initiates the 
« rcation step b) step, and under the l,vvvs to winch nutter is subjected, 
rather than by the direct ti.it ol the Mniiglitj 'Hie hjpolbesis 
assiiiiies that as the va|>orous mass cooled bv the radution ot he.it 
into sjiac e the pirtieles of matter vvouhl .ijiiiroxini.ite and sohdifj 

'I li.it the ligure of the earUi is such .is .1 verj large mass of 
matter in .1 stale ot tluiditv would assiiiiie Irom a slate ol rotation, 
• seems to he .idiuitted, liiiu, eorrohor.iMng the sjiec illations of I eihnit/, 
lh.it the earth is to be looked on as a he.ited lliiid globe, cooled, .mil 
still cooling at tlie surf.ic e. bv nidution of its suiiertluous heat into 
sjiaec Mr W Hopkins* liax jml lorlli some strong but simjile 
re.ibons m siijiport ot .1 ditterent theorv .iltlunigh hedots not attempt 
to solve the problem, but le.ives the reader to lorm his own 'eon- 
eliisions \s f.ir as we have been able to tollow his reasoning we 
gather Irom it that — 

If tlie e\irth were .1 lluiel mass cooled bv radiation, the cooled 
p.nts would, b) the laws ol cmuKilmg lluuK* tiescend lovv.vrds the 
cerkrM and be re[ilaecel on the burfaec by Autter at a higher 
lemperalnre 

• Sec PAit Tt ana'll loitt, iS yj 42 , .Uio, ej the (Jeolognal 

Soctefy, V ol viii , ]i 56 
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The consolidation of smh a mass would, therefore, Iw accom- 
[Xinied bva stnigyle for supenonu between pressure and tempera lure, 
both of which would be at their ma\iinuiii at the iLiilrc of the ma'is 
At the surface, it would be a question of rapidity of coolimt, by 
radiation, as compared with the intcriul condition— for conipan.ig 
which relations we are without cLila . but yn the resirit of which 
depends whether such a bo(l\ would most rapidly solidity af the 
surface In radiation, or at iht centre In iiressiire 

'I'he etiect ot the first would be solidiliialioii at the surface, fol- 
lowed In condensation at the centre through pressure 'I’here would 
thus be two masses, a sjiliorical fluid nucleus, and .i spherical shell or 
eni elope, with a large /-one of seini-fluicl, jiastj matter between, cem- 
tinuall) changing its tenqieratiire as its outer oi inner surface became 
ion\ertLil to the solid state 

If pressure, on the other hand, gained the \iitor\, the centre 
would solidify before the c irc iihtion of the heated uiatter liad c eased . 
and the solidifjmg jirocess would proceed through a large ]>ortion of 
the globe, and e\en apiiroach tlie siirfacS; before that would become 
solid In other woicls, soliclilication would proceed from the centre 
until the dinimishing power ot iircssiire was iCtlanced 1)> radiation, 
when the gradual abstraction ot heat would allow the i>,irticles to 
approsimate and become solid 

'file terrestrial sjihere iiia^ thus be a solid iiuluratcil inas** at the 
c’cnlie, with a solid stoiij crust at the Mirl.ii t*, .mcl a slnfiing mscc^us, 
but clailj-dec reasing, ni.iss lictwceii the two a supposition which the 
diminished and diminishing lrcc|ii< n< \ .iiid iii.igiiiliiile of \ulranii 
and other cnqitne comulsioiis stem to rendci not nnpiobalilc 

It IS not tcj be supiioscd that amongst ihe v.irious hxpolheses of 
which the c,osmogon) of tlic world has been the object, a literal 
accejitatiun of the scrqjtiiral account finds no defenders .'imong men 
of science “Whj,” asks a writer,* after some scornful remarks 
upon the geologists and their science — “ w hy .in omnqiotenl Creator 
should ha\e calle.l into being a gaseous granite nebulous w'orld, 
only to have to cool it dow n again , why, c onsisting as it dues of an 
endless variety of substances, it should even lia\e been supposed to be 
originally constituted of the matter ot granite alone, fur nothing e‘lsu 
was provided by t}iC theory, nobody can rationally explain I^ow 

the earth’s centre How coiilcl be Iicjuid fire with its surface and 
c old and its seas nut boiling cauldrons, has never been attempted 16 
be accounted for How ediic.ated gentlemen, engaged in scientific 
• I 

1' rtsli Sjwjngs Ilf '1 1 uth ” R l>rillin .iiicl Lo 
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investigations, ever tame tti accept siicli a monstrously stupid mass of 
absurdities .is dccliu tioiis of ‘ st icnt c ’ and [mt them m comparison 
with the rational amount of the treation given bv Moses, is more 
diilVtiilt to understand th.in even this v.igiie theory ilscli, which it is 
impossible to describe 

“Of tile first cre.ilion of the chaotic world ' the same writer goes 
on to say, “ or the material elements, before they wire shaped into 
their present forms, wp tan scanc have the most vague ronce])tion 
, All oiir cxpcncni c relates to their esisting conditions But knowing 
somewhat of the variety of the constituent elements and their distinct 
properties, by which they manifest their existence to us. we cannot 
(onceive of their ireation without presiipjiosini' a Divine wisdom, 
and- -if 1 may say so. with .ill reverence, and only to suit our human 
aiotions —.1 Divine nigenuitv, .ind he follows for six diiys the opera- 
tions .is dc’siribid b\ Moses, with .i running (omment When light 
Is ere.itod, the <«n< eption of the work becomes simpler to oiir minds 
Its least manifestation would sulfu e .at once to dispel darkness, and 
yet how nuirvellous is tht: light' In the second day’s work the 
firm.unent of heaven is opened , tlie e\p.inse of the air between the 
he.avens and the earth, dividing the waters above from the waters 
below, is the work rei oreled .as performed Not till the tliial d.iy eoin- 
iiience the first geological operations The waters of the exirth are 
gathered together into seas, and the drv land is made to appear It 
IS now that vve* can imagine that the foniution ot the primary strata 
loiiimenied, while by some of the inlerii.il lorees ot matter the earth 
was elev'.ited ,ind stood above the waiters 

Immediatelv the dry Kind is niised above and separated from the 
vv.iters the fiat goes forth, ‘ I ait the earth bnn^ forth grass, and 
hero and tree vegetable life begins to exist, and the world is hrst 
(let oniterl with Its lieaiiieous floia, with all its eM|iiisite v.irietv of forms 
and brilliani V of c uloiiring, with which not even .Solomon in all his 
glory i an compare In like manner, on the sixth day the earth is 
ronim.miled to bring lorth kind .inimals the living creature alter 
His kind, ’ cattle and i n ijiing thing, and In ist of the iMrth, after his 
kind,” and last of all, luil on the s.-ime dav, in.in is created, and 
made the chief .and niotiareh ot Cods other living creatures — for 
titat IS “man's jikic'e in Nature ’ “l,etus noiw see.’ he continues, 
“hcAr this histc'ry came to be discredited by thc-oiii«>sition of a falsely 
so-c:allcJ‘ science of geology, that while sjjared by our theologians, 
^ has since pulled itself to jneies 'Ihe first stop in^he false mdiietions' 
’ geology made arose from the rash deduction, t*’!^ tffc order iii which 
the fossil reiiMins of organic being were found deposited m the various 



20 


TUI WORlIi BlPORt THI. DhltlC.h 


strata necessarily deterimiictl the ortlcr ol their i reation ; and the next 
error arose from blindly riisliing to rash conclusions, and hasty 
generalisation from a very limited number ol tacts, and the most im- 
perfect investigations There were also (anrl, indeed, are still) s(>me 
wild dogmatisms as to the time necessary to proiliu e certain geologic 
formations , but the absurdities ot sciem ei ulmiinateil when it adopted 
from I^place the irrational and uniiitelligililc theory of a iialiiial 
origin for the world from a nebula ot gaseous granite, intensely hot, 
and supposed to be gradually cooled while gyrating senselessly in 
siKW e ” 

In this iMpcr the writer does not attempt to deal with the various 
l>hcnomena of vokaiioes, carthijiiaWcs hot springs, anil other matters 
which are usually considered as ]iroofs of great internal heat. The 
ingenious Mr hvan Hopki.is is more prci ise, if less clociuent. He 
shows that, in tropical lountrics, plains ol gravel may m a day be 
converted into lagoons and marshes, that by the falkul an avalanche 
rivers have been blocked up, which, bursting their banks, have i overed 
man) square miles of fertile (oiiiitr) with 'Several lect ot mud, sand, 
and gravel "Tw’o thousand tour hundred years ago,” he says, 
“ Nineveh nourished m all Us grandeur, yet il is now buried m 
oblivion, and its site ov ern helmed w ith s.ind I .ook at old 1'yre, once 
the queen of cities and mistress of the sea She was in all her ])ridu 
two thousand four hundred and forty years ago We now sec but a 
bare ruck m tlie sea, on wIih h hshcrmcii spread their nets ' A thou- 
sand years ago, according to ” dubious history, “ ( ■reenland was a fertile 
land m the south, and siip]iurted a large pupiilaluni U eland at that 
penod was covered with forests uf birch and fir, .iiicl the inhabitants 
cultivated Ixirley .'ind utliergrain \\c niav. thtrifore. c onclude, with 
these fads betore us, that there is no iicccssitv to assign myriads of 
ages to terrestrial changes, as .issiimcd by geologists, as they ‘an be 
accounted for by means of alterations cllcc'tcil during a few thousand 
years, for the surface of the eaith is ever i hanging ’’ 

“C«rant geological specukitors, ’ Mr Hupkiiis lontiiuics, “a few 
millions of centuries, wiin a comni.iiid over the agencies of Nature to 
be brought into operation when and how tin j please, and they think 
they tan form a world with every variety of roc k and vegetation, and 
even transform a woirA into a man' \et the wisest of our iilnl''- 
sophers would be puv/led if called upon to explain why fluids ij^tfoliie 
Spheres, as dew-drops , why rarlK>na*c of lime ,u cpiires in solidifying 
from a liquid the figure of an obtuse rhombohedron, silica of a six- 
sided pnsm . and oxygen and hydrogen gases produce both fire 
and watef. And wHat do^the^ gain,” ho proceeds to ask, “ by carrying 
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baopk thS lii'itOTj of the world to these myriads of centimes ’ Do they, 
by the extension of the period to infinity, expbin how the ‘ Ongirial' 
materials w ere created But,’ he adds, “ geologists are by no means 
agreed in their assumed geological periods! The soolled glacial 
neriad has been computed by some to be cciual to about eighty-thrce 
tlTousand Jfars, and bj others at e\en as much as twelve hundred and 
eighty millions ol ) ears ' W ere u c to ask for a demonslrative proof of 
any given deposit being more than four orfive thousand j ears old, they 
could not give it W her*; is Babylon, the glory of the kingdoms ’ I^ok 
at Thebes, and behoM its colo'»s.iI lolutnns, statues, temples, obelisks, 
and palaces desolated and >ct those great cities tlounshed within the 
last three thousand ycMr*! l'\en I’ompeii and Herculaneum were all 
liut lost to history ' M hat, ’ he asks after these brief allusions to the 
jiast — “wliat, asamattcrof fact, bate geologists disroscred, as regards 
tile great terrestrial ch.ingc's more lli.m was known to I’ythagoras 
and the anc lent philosojihers who taught, two thousand four hundred 
and filty jears ago, ‘that the surfaieof the earth was c\er changing — 
solid land coinerted into sea, sea changed into dry land, marine shells 
lying far distant from ihe cteep. valleys excavated by running water, 
and flpocls washing chiwn hrtls into the se>a = 

In referente to tin argument of the* vast antuiuily of the earth, 
founded on elevation of i oasts at a given rate of upheaval, hcadrluccs 
many facts to show that iiplieavals ot ccpial extent have occurred 
almost within the memory ot man In the year 1586 the famous 
Sir Francis Drake, with his fleet, sailed into Albemarle Sound through 
Roanoke f Jutlet, whirh is now a sand-bank above the reach of the 
highest tides No later than last century it was navigable by vessels 
drawing twelve feet of water ’Phe whole American coast, both on 
the Atlantic and I’acilic, has unde’'gone great changes within the last 
hundred y'e.irs. The coast of South \niorica has, in some places, 
been upheaved iweiitv lect in the last century , m others, a few 
hundred miles distant, it has bc*cn depressed to an equal extent A 
transverse section from Rio Santa C’rii/ to ihe base of the Cordilleras, 
ancl another in the Rio Negro, 111 Patagonia. showAl that the whole 
sedimentarv senes is of recent origin Sr iltered over the whole at 
various heights above the sea, from thirteen bundred feet downwards, 
are found recent shells of ItUoral sjjecies of the neighbouring coast — 
denting upheavals which might have been effected during the last 
, three ^oysand years 

Coming nearer home he shows that in 1538 the whole coast of 
Poz/uoli, near Naples, was raised twenty feet in.,a single night 
I'hen, wnA regard to more cumiiact crystalline 'seini-c rystaUine 
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roiks, no reluiMe oiiiiiion t..in ht foniietl on iiicrc inspection I'wo 
blockb of marble may appear prciisely .ilike, though formed at 
different periods A crjstal of (arboiute of lime, formed in a few 
years, would be found (piite perfect, and as com)xict as a crystal 
formed during many centuries Nothing can be ileduced front the 
process of pctrifat tion and crystallisation, unless they enclose relK's 
of a known period At San Kilippo, a sobil mass of limestone 
thirty feet thick has been formed in about twenty >ears A hard 
stratum of travertin • a foot thick is obtained, Ironi tliese thermal 
springs, in the <ourse of four months \or i an geologists demon- 
strate th.it the \miens deposits, m which the flint implements occur, 
are more than three or tour tliuusand jears old 

I he c.auses of these thangis aiwl mutations .ire referred bj some 
persons to floods, or to i)re-\d.imnL lunvulsions, whereas the 
cause IS in constant opemtion , thev are due to .in invisible and 
subtle power which pen .ides the air. the ot'ean, .iiul the rocks below 
— Ill wliicdi all arewrapiied and i>ermcMtcd — whivb is universally 
present, n.imclv, in.ignetisin — a power alw.iys in operation, alvv.t>s in 
a skate of activity .and tension It h.is !tn .ittractive power towards 
the surf.ice of the earth, as well as a dircitive .action from pole to 
pole “ It IS, indeed, ’hi .adds, emph.itic allj, *• the 
tation l\[.igiietic needles freely susjiendctl show its meridional or 
directive pol.ar force, and that the fone converges at two 0 ]>posite 
parts, vvhu h are bounded bj the Aiitan tu and \rt tu c irc les ” 

'fills ]X)1ar force, like a stream, is coiiskintl} moving from pole to 
pole, and experiment jiroves that this movement is from the .South 
Pole to the North ‘’Hence the \.iric)us terrestrial subskinces, solids 
and fluids, tlirougb winch this subtle and univ ersal jjovv er permeates, 
are controlled, propelled, and incMlihecl over the entire surface of our' 
globe, commencing at the south and diss living at the north 'rims, 
all terrestred matter moves teivv.irdi> the Antic region, and fin.iUy 
c{is.appears b} dissolution and absorjition, to he renewed again and 
ag'ain m the Ankirctic Sea to the enci of time " 

In order to prove that the north polar basin is the receptacle of 
the final dissolution of all terrcstnal substances, Mr Hopkins quotes 
the (lulf Stream Bottles, tropical plants, and wrecks east into the 
sea in the South Atlantic, arc carried to Spit/bergen in a comparatively 
short time 'fhe wavc«> begin at the fountain-head, in 

the Antarctic .circll, impinge against the south coast, of 'i'lS-xa^del 
Fuego, New Zealand, and Tasmania, and are then propelled north- 
ward in a senes,, of undulations 'Hie South Atlantic stream, after 
dnulihng the* Cape of (lood Hope, moves towards the Guinea coast) « 
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bends tAw.inls the Caribbean Sea, produc ing the trade \vind& , again 
Iea\cs tlonda as the (jiilf Stream, and washes the coasts of Iceland 
anil Norwa), and finalij reaches the north polar basin 

Again the great polar force shows ilsell in the arrangement of the 
mm];;rAl stnic tiire below' In all the primary roi ks in c\er) quarter of 
rtfc globe where they have been csiiniinetl, its action is recognised m 
giving to the cr} stalling masses - granites ami their laminated elonga- 
tions -a polar gram and vtriu al < leavage* “ Had it been jiossible to 
see our globe strqijied of its sedimentary deposits .ind Us o( eanu 
covering, we should see it like a gigantic melon, with a uniform 
'grain extending from pole to pole” i Ins strut ture n])pears to give 
polantv to earthquakes - thermal waters and carth(|uake's — which are 
nil traceable m the direction ul the {Kil.ir grain or ( leavage from north 
to south 

In England, for iiist.ince' therm.1l and saline springs arc traceable 
from Hath, through Cheltenham, to Dudlej In Central France, 
mineral springs pceur 111 lines, more or less, north and south All 
the known s.i It springs in hoiiih America oi c nr in niendional bands 
Springs ot chloride ol sofluiin in the I'astirn Cordilleras stretch 
troin IhiKeiina to the IXinos dc Meta, a distance of 200 miles 
I he Aiust prudiuliv^ mctallilerous deposits are found in meridional 
bands 'Phe watery voU anoes in South America are generallj situated 
dong the lines of tlie mcridunul splits and the secoiKlar> enijitive 
porvs.oii the transverse lra<turcs 'I he siukUn rupliirvs .nrising 
locally from im leasing tension ol tlie polar Iokc, .ind the rapid 
c\|iansion of tlie generated gases, jiroihice a vibratorj jar m the 
roikj strut ture below, vvliuh iKyng propag.ited along the* planes ot 
the polar tleav.ige, gives nse to great siiperfiiial oscillations and 
* thus causes earthquakes and subterranean tliiimier for thousands of 
miles, Iroin south to north 

In r7g7 the distru t round the 'oleano of 'Pungiira<|ua m Quito, 
during one of the great mend10n.1l sliotks, experienterl an undu- 
lating movement, which lasted upvv.irds of .‘’oiir minutes, and this was 
propagiited to the shores of the Caribbean Sea 
• *AII these movements demonstrated, aiiortling to Mr Hopkins 
thiit the land as well as the* ocean moves from the south pole .ind 
north pole, and that the m.-ignetic [xiwer h,is a tendency to proceed 
Jnjin i>ole to pole in .1 s/>na/ juth from sciiitlT-e,ist to northwest, .1 
m(^ie*Js:nt vvlyth prodii' es .m .ipparcnt change vn fhe e()uino\es, or 
tlie outer'seetion ol the plane ot the ecliptic, with the eciu.llor, a 
])henomenon known to astronomers as the precession ol the 
^ciumoxcb '*' • 
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Such !•» a \cr> brief summary of the arguments by uhu h Mr Kvan 
Hopkins maintams the literal lorrectncss of the Mosau ai count ot 
the creation, aiul allcmptb to show that all the facts chscoverecl b) 
geologists may ha\c occuircd in the ages incliKled m the Mos.iic 
chronologx • 

'Phat the mysterious power of terrestrial magnetism can perforin 
all that he claims for it. we tan perhaps arjanit lint how does 
this csplain the siic« (.'•skui of Siliiinn. Old Red Sandstone, Car- 
boniferous and other strata, up to the 'I ertiar} deposits, with their 
fossils, each differing in ihararlcr Iroin those ot the preceding senes? 
That these were successive c reations admits of no doubt, and while it 
IS undeniaolc that the fiat of the Creator i oiilcl readily produce all 
these phenomena, it may reasonablj be asked if it is jirokable that 
all these m3nads of organic beings whose rcmiains si rv e as records 
of their eMstenie, were created onlv to be immediatcl) destroyed 

Again, does not the author of the “ I’rim piles ol 'Icrrestnal 
Physics prove too much ^ He admits that 3000 years .igo the 
climate of Kngland w.is tropical he docs not deny that a snb- 
seciucnt period nl intense cold intervened, 2.550 years ago He 
admits historical tocotcIs, and 2,430 vearssigo Pythagoras constnic'tccl 
his cosmogr.iphv of the woild, winch li.ts nevch been seriously im- 
pugned , and yet he has no suspicion that ccnintnes so near to his 
own had changed their climate-, lirsi from tropical to gl.icial, and 
back again to a ii^miieratc* /one It is not nason.ilile to lieheve this 
parable 

The school of ])hilosipihy gencnllv considered to be llie most 
adv,inced 111 modem scuiue has ver .uiothei view of c osmngi)ny,.of 
which wc venture tcv give a briet outline S]).iie is inlinite, says the 
exponent of this system * for wherever m imagination we erect a 
boundary, we arc compelled to think of spate as existing beyond 
It ']'hc starry he-aveiis proclaim that it is not entirely void , but the 
iiuestion remains, are the v ast regions w hic h surroimcl the stars, and 
across which light is propagated, absolutely cuiipty ^ Xo Modern 
science, while i‘ lejeits the notion of the limnmlerous jiartiilc's of the 
old philosojihy, has cogent proofs of the cxisteni e of ,i himmiferous 
ether with detinite mcch.inical jwoixrties It is mtmitcly more at- 
tenuated, but more solid th,in g.ns It resembles jelly r.ithcr than 
air, and if not co-cxufisivc with sjxice, it extends as fiir as the mcRt 
distant star the ielestojic reveals to us , jt is the vehicle of theh' light 
in fact It takes up their molecular tremors and conveys them with 


* i’rofLV.sor Tyndall in /’otluts^hth Rer'iew, 
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inconceivable rapidity to our organs of vision The splendour of 
the Armament at night is due to this vibration If this ether has a 
boundary, masses of ponderable matter may exist be)ond it, but 
they could emit no light Dark suns may burn tlierc, metals nia} be 
hefted to fusion in invisible furnaies, planets may be molten amid 
intense darkness , for the loss of heat being simply the abstraction of 
molecular motion by the ether, where this medium is absent no 
cooling could take jilace 

'I his, however, does not comem us, as far as our knowledge of 
spar Q extends, w e arc to t on< eiv c of it as the* holder of this lumi- 
niferous ether, through which the Axed stars arc interspersed at 
e'normoiis distances apart AsscKiatcd with our planet we have a 
group of dark ]>lanetar\ masses revolving at various distances around 
it, each rotating on its axii , and, connected with them, their moons 
•Was spare furnished at once, by the Aat of Ommpotenrc, with these 
burning orbs ? '1 he man ot science should give no answer to this 
c|ucstioii but Ae has better materials to guide him than anybody 
else, and can clearly show, that the present state of things wc/y be 
derivative He tan ]jerhaus assign reasons which render it probable 
that It « t/c; - '1 he law of gravitation cnimcinted by Newton 
is, that every particle of matter in the universe attracts every other 
lurtule with a force which diminishes as the siiiiare ol the distance 
increases I’nder this law* a stone falls to the ground, and heat is 
procliuecl b> the shock, meteors plunge into the ntmosphere and 
tiecome incandescent showers ot such doubtless tall me ess.'intlv 
upon the sun, .lud were it stopped in its mbit, the earth would rush 
tovvards the sun, developing heat in the collision (according to the 
t calc iikuioiis of MM joule, Mayer, llclmholt/, and 'Ihumsoii), ccjual 
to the « ombiistioii ot five thousand worlds ot solid toal In the 
attraction of gravity, therefore, acting iiiam this luminous matter, we 
have <i source of heat more ]jowcrfiil than i oiild be derived from any 
terrestrial combustion 

To the above <otue]itioii of sjjac'c wc must .ad^l that of its being 
in •a ccmtmual stale ot tremor 'Ihc sources of vibration are the 
ponderable masses of the universe Our own planet is an aggregate 
of solids, Iicjuids, and gases. On clohcr examination, these are found 
to be composed of still more elementary parts ..the water of our rivers 
i/vpgi’cd by the union, m definite proiiortions, of two gases, oxygen 
and Hyd'.ogeii Scj, likewise, our ch,ilk hills are formed by a com 
bination of carbon oxygen, and calcium , elements which in definite 
proportions fonn chalk The Amt found within' tba-t, chalk is com- 
pounded of oxygen and silicon, and oiir ordinary elay is tor the most 
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part foraieil Ijv a union of siliion, uwgcn, a^il aliimininn By far 
the greater jiaVt of the e.irthy trust i*. thus compounded of a few 
elementary' substances 

Such IS Professor Ty nd.iU’s mcw of the uni\ crse, rising incidentally 
out of his theory of heat, his mam object being to elucidate" hu' 
theory of heat and light 

Monint iii'ivs ()i nil Snih\ii' l)^_ itri (iraiiiR 

As a < onsequence of the Ii\[iothesis of central heat, it is admitted 
that oiir planet has been agitatetl by a senes of local disturbam es , 
that is to say', by ruptures of its solid t rust oir urnng at more or less 
distant intervals These pirlial revolutions at the surface are sup- 
posed to luie been iiroduied, as we shall have occasion to cvplain, 
by upheavals or depressions of the solid i rust, resulting from the 
flviidity of the central parts, and b\ the cooling clown of the esteriial 
crust of the globe 

Almost all bodies, in passing from a# liquid to a solid state, are 
diminished in sue in the process In iiY^iltcn metals which resume 
the solid state by c ooling, this diminution imoivits to .about a tenth 
ot their volume , l)ut tlie dec rcasc in si/e is not eipial tliroiighout the 
whole mass Hence, as a result of the solidifitatiun of the internal 
jiarts of the globe, the outer envelope would be too large , and would 
no longer fit the inner sphere, which had contracted in cooling 
Cracks and hollow's oc cur under such circumstances, even in small 
masses, and the elTect of converting sue h a vast body as the earth 
from a lupiul, or rather mcjlien condition, to a solid state, may be 
imagined As the interior became solid and concrete by cooling, 
furrows, corrugations, and depressions in the estern.il crust of the 
globe would occur, causing great inequalities m its surf.ice , [iroducmg, 
in short, w'hat are now called i/tains o/ mountains 

At other tunes, in htu of furrows and irregularities, the solid crust 
has become nippirccl, jiruducing fissures and fractures in the outer 
envelope, sometimes of immense extent 'I'he lii]uid substances con- 
tained in the Ulterior of the glolie, with or w'lthout the action of the 
gases they enclose, escape through these openings , and, at t uinuKiting 
on the surface, bee ome, on t oohng and consolidating, mountains of 
v.irious heights, « 

It would also h.api)cn, and always from the same c'ausi,, namely,, 
from the internal contmction caused by the unec|ual cooling of th* 
globe, that minor assures would lie formed in the earth’s c,nist , ms 
candescent lic|iiid matter w'ould be afterw'ards iniected into thes^ 
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fissures, filling them up, ,ind foimnig in tlic rockj crust thcise lony; 
narrow lines of foreign siilistances which we call tiykrs 

Fm.'ilh, It would occasionally h.apjicn. that in place of molten 
mat^r, such as granite or metalliferous c.ompounds, escaping through 
tftese fractures and fissures in the globe, actual ru ers of boiling water, 
abundantly' charged with vanous mineral salts (that is to say, with 
silicates, and w’lth calcareous .ind m.ignesian compounds), would also 
esc,ipe, since the elements o( water would be abundant in the mcan- 
dese ent mass Added to these the chcrnic nl .and mcrhanic al ac tion 
of the atmosphere, of ram, rivers, and the sea, has a tendency to 
destroy the hardest rocks 'I'he mineral salts and other foreign 
substances, entering into 1 oinbination with those .ilrcacly present in 
the w.iters of the sc.i, and scp.ir.iting.it a subsecjiient])erioillrom these 
w.iters, would he thrown clown, and thus constitute estcnsii e deposits 
--that IS to S.IJ, snfmn'ti/ar\ fn/Hutf/on^ 'I hese became, on con- 
solidation, the* \i(it»ieiitttry nhk^ 

'I he Itiirotts. c oiriig.itions. and fractures m the terrestrial crust, 
which so changed the .is|vct oi the surfaee. anil for the time dis- 
pkicecl the sea-iiasins woul'' be lollowcd by periods of calm During 
these '])ericKls, the debris torn 1»\ the movement of the* waters from 
cerUin iiomts ot tlie kind would In liansporte*(l to other jiarts of the 
globe bv the oceanic currents 'I'hese accumulated heterogeneous 
inaterjals. when deposited al .a later pe‘riod, would ultimately con- 
stitute formations that is, irans/Ht/fni or ibilttd iock<; 

We have ventured to state some of the theories by which it is 
souj'ht to explain the cosmography of the world But our readers 
must underst.anil that all such speculations are, of necessity, purcJly 
I hypothetical 

In conforimtv with tlie iireceilirg considerations we sh.dl divide 
the mineral substances of which the earth is composed into three 
general groups, under the following heads — 

1 F/ Hfifive Kock^ — Crv st.allinc, like the second, but formed at all 
geological periods by tlie irrujition or intrusion of the lii]iiid matter oc 
cvfpying the interior of our globe through .ill tlie pre-existing rocks 

2 Ciy^ttihiiie — Th.it ]}ortion of the terrestrial cnist w'hich 

solidified at the period of its first i exiling dow n, or sediments which 

licen mucli altered by heat, forming thc^ masses known as 
^Puridaflhental Dneiss, Laurcntian, &c — the Archaiail Rocks so called 

3 Sedmentary Rocki — Consisting of vanous mineral substances 
jdeposited by the water of the sea, such as silica, Yffo carbonates of 
lime and magnesia, jkc 
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The mineral masses which constitute the sethnuntary rocks form 
beds, or strata, having among themselves a constant order of super- 
position which indicates their relative age '1 he mineral structure of 
these beds, and the remains of the organised beings they contain, 
impress on them characters which enable us to distinguish each^bo^ 
from that which precedes and follows it 

It does not follow, however, that all these beds arc met widi, 
regularly siipernnposed, over the whole surfac'c of the globe , under 
such cm iimstanc es geology would In? a very simple science, only 
reciuiring 'he use of the eyes In consccpiente of the frecpient erup- 
tions of granite, porphvrv serpentine, trachvte, kisalt, and Liva, these 
beds are often broken, c iit oil, and replaced by others 

Denudation has been another fruitful source of change Sir Andrew 
Ramsay* has shown in a memoir, now a geological classic, that 
beds onie existed above a great {lart of the Mendip Hills to the 
•'xtent of at least 6,000 feet, which have been removed by the 
denuding agency of the sea , w hile in South Wales and the adjac ent 
country, a senes of PaLeo/mc rocks, elec en thousand feet in thick- 
ness, lias been removed bv the action of water In fact, every foot 
of the earth now forming the drj hind is supjyised to have been at 
one time under water - to have emerged, and to have been again sub- 
merged, and subjected to the destructive action of the ocean At 
certim points a whole series of sc-dimcntaiy deposits, and often several 
of them, have been removed bv this cause, known to geologists as 
Denudatnm 'I'lie regular senes ot roc k formations arc, in fact, rarely 
found in unbroken order It is only by combining the collected obser- 
vations of the geologists of .ill countries, th.it we arc enabled to arrange, 
accunling to tbeir relative .igcs, the several licds iom|>osing the solici 
teirestnal crust as they occur in the following 'I'ahle, which proceeds 
from the surface towards the centre, in descending order — 


(IKIUK 01 '•IKVIII-II VIIOS 


(Quaternary h|ii)cli 
Tertiary Tvpoch 

Secondary I'poch 

I’nmaiy Epcxih 
Archxan SeriCis 



Moileni Period 
Pliocene Pcricjil 
Miocene Peridil 
I oeene IVruwl 
C'retaeeous Kocks 
luratiic kiieks 
Tnivsjc Koeks 
Permian Rcxks 
(^arlwniferiius Rocks 
Jicvonian Rocks, 

Silurian Rocks 
Cambrian Rocks 

i'und.amenLil (ineiss, or Lanrentian. 


* “ Me'itidcrs of the Ue-olot-ical hurrey of (Ireat Britain^” vol, 1 , p 297, 
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Under tlicsc heads we i»rolJO«e to examine the sticetssivc trans- 
iomiations to winch the earth lias been subjec ted ill reat lung its 
present condition, in other woixK we pn)]jose, both from an his- 
torical and descriptue jjoint of view, to take a siirsey of the seseral 
which can be chslingnished in the gradual formation of the 
earth; corr^siwiiding with the formation of the great groups of rocks 
enumerated in the jjVeceding table We shall describe the living 
creatures which have peo]>le<l the e.irth at eaf h of these epochs, and 
which have disappeared, from causes which we shall also endeavour 
■ to trape We shall dese nbe the plants belcingmg to each great phase 
in the history of the globe At the same time, we shall not pass over 
entirely in silence the roeks deposited b> the waters, or thrown U]) by 
eruption during these jieriods , vve propose, also, to give a summary 
of the inineralogK a1 characters and of the fossils ehar.ietenstic of, or 
^cjculiar to eaeh form.ition What we propose, in short is to give a 
history of the foniialioii of the globe, and a description of the pnn- 
cipal rocks whim ai tually eoni])ose it and to take .also a rapid glance 
at thestevcral generations I'f animals andjilants w huh have succeeded 
and replaced each otlier on the earth from the very beginning of 
organic life u]) to th^* tunc ol man s appearance 
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Nothini. is moTo dillu iilt th.in to wniL* .i c l^muoKi-'u .il history of the 
revolutions ami dianm-s to wludi tin. t.irth ha-% liet-n siilijw ted during 
the ages w hii h preteilod the historic times 'I'ht phenomena whir h 
haie roncurred to fashion its cnuriiiuiis mass, and to gue to it its 
present form ami stimtvire, arc so mimermis, so \aricci, and some 
times so nearh simiiltaneovis in their a< lion dial tin ruonls rletv ihe 
]>oiiers of obsLr\ation to sepirate tlum I’ln dejHnuion ot the sedi- 
mentary Totks has been siibjcit to interruption during all ages of the 
world Violent igneous eruptions ha\e |>enetrated the sedimentary 
beds, eleialing them in some pin is, depiessini' them in others, and 
mall eases ehsturbing their order oi siipi rposilion' ami ejei tmg masses 
of «r)stalhne roiks Irom the tin amle sunt lenire to the surface 
Amidst these perturb itiniis, soiin times stretibing i>\er a vast cMent 
of tountr), an\ thing like i rigorous « lironolngu al rei ord besomes 
impossible, for the ])lienonuna are* so i oniimioiis .mil lonipUstliat 
It IS no loiigeT ]iossible to dislingiiisli the fimdanienlal from the 
aeeidcnUl and se< ondarj i.iiises 

In order to re'nder the subject somewlial i learer the gre-at tiets 
relatise to the ]jrogress]\e formition ul the leirestiial glolie are ' 
divides] into epochs, during nhuh the sedinieiitarj rocks were formed 
in due order in the sens ot the nnienl world, the mud .iinl snitl in 
whieh were deposited day b) dav Xg.im, even wluTe the line of 
demarcation is clearest betwi’en one tormition and .inother, it must 
not be siipposeil then is .iii\ sharpl) detined line of sejiai-ation 
bctwe'on them t)n the c onlnir), one sjstiin gniduiilly merges into 
that which siiiieerls it Hie rocks and fossils of the one gradually 
disappear, to be succeeded bv those ol the overljmg senes in the 
regular order of sinc’tssion Ihe neivlv-made strata became >’ie 
cemetery of ihci ipyAads of beings which lived and died in the‘\losem 
of the ocean 'rhe rocks thus deposited were c:<illed Nffitunian by"" 
the older geologists. 

But while thcTseas of each epoch were tlius biiililiiig up, gram by 
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grain, and bud by bud, the nuw formatiun out of the rums of the older, 
other influences were at work, sometimes, to all appearance, imiieding 
sometimes advancing the great work The Plutonic mAf— the 
Igneous or eruptwe rotks of modem geology, as vc have seen abo\c, 
jlierC the great disturbing agents, and these disturbances occur m every 
age of the.eartl]’s history We shall have occasion to sjieak of these 
eruptive formations vniile describing the phenomena of the several 
epochs. But it is thought that the narrative null be made clearer by 
grouping this class of 'phenomena into one chapter, which ne place 
at the commencement, inasmuch as the constant reference to the 
eruptive rocks will thus be rendered more intelligible To these are 
now added the section “ Metamorphic” or “ Archsean’’ Rocks — the 
series at the base of the true fussiliferous ones 

The rocks whic h issued from the centre of the earth m a state of 
fusion arc found assot laled or intcrstratifieilwith ma‘«scs of everj epoch, 
more csjieciallvnith those of the moreancii.nt strata '1 he foniiatiuns 
which these roilf> have originated possess great interest . first, because 
they enter into the (omposition of the tenestrial trust . secondl), be 
cause thev have impressed i|,n its surf.ic e, in llu course of their eruption, 
some.ot the eharactwistits of its < onliguration and stnicturc . finallv, 
betausc, by their means, the metals which are the objects ol human 
industry have been brought nearer to the siirfaee Aittmlmg to the 
order of their appearaiue, or as nearlv so as tan be astertaincd, we 
shall i'lass tlie iruptive rotks m two groujis 

r 'Ihe /tt/<(r///t AV«/{'c of tomiuranvch let lilt origin uliithliavc 
given rise to a siuiession of trachytes, basalts, and intitlern lavas, 
Tlitse, being of looser tevtiire, are presiinietl to have tooled more 
rapidly than the riiUonte rot ks, and are at or near the surface 

11 PIutOHU Jioiki, of older (kite, whieh are exemplified in 

the various kinds of granites, the sveniles, tlie protogines, porphyries, 
\*( The*se iliflfer from the voltanit rocks in their more tompaet 
rrystalhiie stnieture, in the absence of tufa, as well as of jiores and 
cavities from whith it is inferred that tliev were formed at coiisider- 
alJe depths in the earth, and that they have tooled and erystallised 
slow ly under great jiressure 

Pmoxu I'Rtn ION’S 

The great eruptions of aucunt t^ranth' are supposed to hive 
occurred during the primary epoch, and chiefly in the carboniferous 
period Thev present themselves sometimes m considerable masses, 
tor the earth’s crust being still thin and iiermeable, it was nrepared 
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as It were for absorbing tlie granite masses In c onsecjiience of its 
weak cohesion, the jiriinitise trust of the gloln: would be rent and 
ix;netnite<l in all ibrections, as n*|»resente<I in the loilowmg section of 
Cape Wrath, in Siitherlandshire, in which the \eins o< granite minify 
in a very irregular manner across the gneiss and hornblende sclnst 
there assoi lated with it (I'lg 3 ) 

Cranue, when it is sound, funnshesa tine biiilding-slone, but we 
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must not siijipose that it deserves that i h initter of extreme hardness 
with whK h the poets have gratnitoiisl> gificil it Its granular texture 
renders it unfit for load-stone, where it gels < rushed too ciuickly to 
dust \\ ithhis hadimer the geologist easily shapes his sperim«‘as 
and m the Russian War, at the bombardment of Iioniarsuria; 'the 
shot from our ships demonstmted that ramparts of granite could be 
easily demolished as those constructed of limestone 
The component minerals of granite are felspar, quart?, and mica,’ 
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in varying proportions , felspar being generally the predominant 
ingredient, and quarU mure plentiful than mica — the whole being 
united into a confusedly granular or crystalline mass Occasionally 
it passes insensibly from dne to coarse grained granite, and the 
finut%rained is even sometimes found embedded in the more 
coarsely -granular variety sometimes it assumes a porphyritic tenture 
Porphyritic granite is a variety of granite the components of which 
— quart/, felspar, and micj— are set m a non-cry stalhsed ]jastc, 
uniting the mass in a ihanncr whuh will be fannhar to many of our 
readers who may ha\e seen the granite ol the I-and s Lnd in Cornwall 
Alongside these orthoclnse crystals, quart/ is implanted, ubually m 
grains of irregular shapt, more rarely crystallised, and seldom in the 
form of perfect ( rystals 1 o these mgredieiits arc added thin scales 
or small hexagonal plates and crystals of white, brown, black, or 
greenish-coloured mu a 1‘inally. the name ot t/uiif/:i/i>oi/s porphyry 
IS reserved for those varieties which present I'rvstals of (piart/ , the 
other varieties ait siniplj calk'd porph^ntu gramU 'J)iu porphyry 
presents a paste essentially«< omposed of eonipait felspar, in whicli 
the crystals of orlhoclase — ^^hat is, felspar with a potash base — are 
abundantly disseinina*ed, and soiiietmies with great regnlarity 

(iranite is siippose<l to have been “ tormed at considerable depths 
m the earth, where it has cooled and crystallised slowly uniltr great 
pressure, where the contained gases could not expand * "'I he 

indueiice, ' says i.yell, ‘ of sulrfcirancan heal may extend downwards 
from the crater of every active volcano to a great depth below, 
perhaps several mile's or leagues, anel the effeels which are produced 
deep in the bowels of the earth m.iy, or rather must, be distinct , so 
that vc^lcanic and phitonic rocks, eaeli ehfterent in texture, and soine- 
liniL's even in eoinposition, may originate simultaneously, the one at 
the surface, the oilier far beneath it Other views, howc’ver of its 
origin are not unknown to science Sir »\ndrevv Ramsay and some 
other geologists consider granite to be mctamorphie “ Por my own 
part,” Ramsay remarks, “I believe that in one sense, it is an igneous 
rorji,, that is to say, that it has been completely fused, liut in 
another sense it is ametamorphic rock, partly because it is impossible 
in many cases to draw any detinue line between gneiss and granite, 
for they pass into each other by insensible gradations , and granite 
uCtf^ntly occupies the space that ought to be JiHe<f%()tth gtniss, were it 
not tnac th^ gneiss has been entirely fused 1 believe therctore that 
granite and its allies are simply the elfect of the extreme of metamor- 


• I yoll s ‘'I' leiiieiiu of Vie'okigj, p 094 * 
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phism, brought about by great heat with presenre of water In other 
words, when the metamorphism has been so great that all traces of 
the semi-crystallmo lamiiuted stmi tore has (Iis.ippearecl, a more perfect 
erystdlisalioii has taken plaie ’* It is obeioiis that the very result 
on whuh the I’rotehsor fouiuls his theorj, namely, the diffiiulty^'in* 
man> cases, of drawing a line between the granite and die gneiss, 
would be [irodured by the sudden injection of the fluid minerals Into 
gneiss, comjiosed of tlie same materials Moreoser. it is only in some 
cases that the diiriniltj exists . in nianj others the line ot sejuration 
IS definable I'noiigh t 

The granitic rock called SyenUt, in which a part of the mica is 
replaced by hornblende or ainphibole. has to all appearance been 
erupted to the surface subbeipiently to the granite, and very often 
alongside of it Thus the two extremities of the Vosges, towards 
Belfort and Strasburg. are eminently sj eintic , while the intermediate 
jinrt, towards C'olniar is as inarkedb granitic in t^ic Lyonnais, the 
southern region is granitic the northern region, from Arbreslc, is in 
great jvirt syenitu Syenite also makts its ajipearancc in the 
Lmiousiti 

Sienite, into which rose-coloured fejspar dften enters, forms a 
bcaiitifiii roc k, because the green or nearly blac k hornblende heightens, 
by contrast, the eJTcct ol its colour This rock is a valuable .idjunct 
for architectuial ornament, it is that out of which the ancient 
Egj'ptians shaped many of their monumental toliimns, sphinxes, and 
sarcopliagi , the most perfect tyjje of it is found in hg\ jit, not far 
from the city of byene, from which it derives its name 'I'he obelisk 
of laivor now in l*ans, several of the Jvgyptian obelisks in Rome, 
and the celebrated sphinxes, of which copies may be seen in front of 
the Egyptian Court at the Crystal I’alace, the shaft of “ Pompey’s 
Pillar,” near Alexandria, the oliclisk known as “ Clcujiatra’s Needle,” 
on the Thames Embankment, and its companion in the Central 
Park of New York, are of this stone, of which thcie are quarries in 
the neighbourhood of Plancher-les-Mines in the Vosges 

Syenite disintegrates more readily than granite, and it conta'ns 
indurated nodular concretions, which often remain in the form of 
large spherical balls, in the midst of the debris resulting from disin- 


• “ Physical Gcxilogy ami (jcogrnphy of Unat I}nl.iin, hy Ar C Kam^y, 
p S3» 6‘h ed 

t At the snmetiineit may he urclyasbuinert (as Sir Andrew Kanisay believes to 
l>e the easel that granite in most cases is a metamurphic ruck , yet are there many 
instances in v^hi,.n it may w^th greater truth lie considered as a true plutonic rock. 
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tegration of the mass It remains to ho arldcd that s\enitic masses 
are often very variable as regarils their < om])osilioii the hornblende 
IS sometimes vvantinjf, m whieh <ase we i^in only recognise an 
ancwnt granite In otlier instini es the hornlileiide predominates to 
*sueh .a d^ree, that a large or siiiall-graiiied dtonlf, or greenstone, 
results The geologM should he prepared to observe these tran- 
sitions, whuh are apt to lead him into error if ))assed over without 
being not i( ed ■ 

J^rolo^uu' IS a tal< ose gr.inile, lomposed of lelspar, (juart/, .ind 
tail Qtcfiloii/i, or de(ompusi.d mica, which take the pin e ol the usual 
iniea Kvressivelv variable m its tevtnre, protogine passes from the 
most perfeit granitic aspei | to that ot a jiorplnn, in sinh a maniieT 
as to present < ontmiial subjnlsof iiinirtamtv, rendering it very 
JiIIk lilt to determiin its geologic al age Vevertlu less it is siijiposed 
to 'have tome to tin surlac e liefore and during the roal penocl . in 
short at Oeii/ot* jirologme covers the c cial-fielcls so i onijiletely, tliat 
It IS netessarv to sink iln^ pits through the protogine, m order to 
penetMte to (lie coal, and (he rock has so inaiiitestly at ted on the 
coal-measure strati, .^s to liTive contortid and metamorphosed them 
hoineflimg .inalogous to tliih manilests itsell near Mont Blanc, where 
the (olcissil mass whuh jiredominates in th.Tt clnin, and the peaks 
which belong to it, consist of protogine But ,is no such ,ution c,m 
be peDceived in the overlving rocks ot the 'rnassu period, it max be 
assumed that at the time of the eleposition ol the New Red Sand- 
stone the protogiiious vngitions had ce,ised 

Jt IS necessary to ,uUl, howevfrr, that if the i>rotogme rises in sue h 
bold pinnacles round Mont Blaiu, the c in mnslanc e onlv a]>plies to 
the more elevated pirts of the mmint.iin, and is mlliunced b) the 
eveessiv'e rigour cM the scMsons which demolishes and lontmually 
wears away all the ])arts of the rock whieii have be eii dec omposed 
by .itmospherie .igeni V"^ M here protogine oc c urs in milder climates 
— around C’reii/ot, and at I’lerre-siir- \uin , in the ^I'orcv eliain, for 
instance — the mountains show none ot the scarped and bristling 
peJlfs exhibited in the c.h,iin of Mont Blanc Only single isolated 
masses occasionally form hhAuh^ doms, so called because, resting 
with a convex base upon a pedestal whose surface is also convex, 
easy to move these naturally balanced bld^ks, although troin 
, thUl vast si/e -it would recpiire very considerable fbree to displace 
Ahem. This tendency to fashion themselves into rounded or ellip- 
soidal forms belongs also to other granite rocks, and evjsn to some of 
the variegated sandstones The rocking-stones have often given rise 
to legends and popular iii} tlis 
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The great eruptions of granite, imilogine, and porph>ry took 
j)lace, according to M I'niirncl, during the uiboniferoiis period, for 
porphyntic pebbles arc found in the conglomerates of the Coal- 
measure jieriod “’I'lie granite ol iXirtmuor, in Devonshire,’’ says 
Lyell,*' “was tormerlv sii|)|M)scd to be one of the most am lent of\he, 
plutoiiic rocks, but U is now ascertained to be posterior in clntc to the 
^ Culm measures of that county, which from their ’position, .and as con- 
taining true coal-plants, are rLg.irded by Trofessor Sedgwuk and Sii 
R Mure liisoii as members of the true Carboniferous series 'J’his 
granite, like the sxenitu granite of Christiania, has broken through 
the stratified formations without nimh changing their strike Hciue, 
on the north-west side of Dartmoor, the smicssive members of the 
Culm measures abut ag.imst the granite, and become metamorphu as 
they appicueh 'I’hc granite of Cornwall is prukiblx of the same 
date, and therefore as modern as the C arbonifi runs strat.i, if not new ei ' 
aiiiU'iit ^iiinihs show themselves in !■ ranee m the Vosges, 
in Auvergne, at ICspinouse in Languedoc, at 1‘liin de-la- Tour in 
Provence, in the chain of the Cevennes, at Mont Pilate near Lyons, 
and in the southern part ol the Lyonnais rhain 'I’hcy rarely im)>aTt 
boldness or grandeur to tlu landscape as might be* espec ted, tiom 
their crystallised testuie and h.irclness fo’r hixiiig liecn c\)>used to 
the ofteets of atmospluric clianges from the c irliest times of the 
e.arlh’s c onsuhiluion tlu rocks have become gri'atl; worn away and 
roiinclecl m the outlines of their masses, li is onlv when recent 
tlisloi alious have broken lliem up that tiu) assume a pietuiescyue 
character 

The Christiania granile alluclcel to .ibcne w.is at one time thoiiglit 
to have belonged to the Silurian peiiod Ihit, in lUil, Von Uiich 
.innounc eel that the strati in cjue’slion consisieel of limestones con- 
taining orthoc iT.itites and trilobite*s , the sh lies and liinestoiu' being 
only penetrated bv gramle veins and aliereil for a considerable 
disLinc e troin the iionit of (onMctf 'Hie s,ime granite is found to 
\>cnetrate the am 'cut gneiss ot the lountrv on whiih the lossihferoiis 
beds rest -unc onforinablv, .is the geologists sa\ that is, they rest on 
the edges of the gneiss, Ironi which other stratified deposits had licen 
washed away, leaving the gneiss denuded before* the scdimentaiy beds 
were deposited “between the origin, therefore, of the gneiss arid 
the granite, "t "says Lyell, “ there intervene*!), first, the* period when, ^lier 
stiata of gneiss were deniiclcd, secondly, the penod of the.dcpbsYson 

• •' Elemc'iits of Geology," p 716, 6 t 1 i CKlition 
+ "hlLmentsof Geology,” p 717 J Ibid, p 718. 
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of tlic Silunan deposits Yet the granite proihued after this long 
interval is often so intiinatcly blended with the aneient gneiss at the 
ixnnt of the junction, that it is impossible to ilraw any other than an 
arljjtrary line of separation between them and where this is not the 
' case, tortuous leins of granite ixiss Irccly through gneiss, ending 
sometiincN in thready as it the older rock had oftered no resistance to 
thtir passage” I'niiii this evimple Sir (diaries i oni liidcs that it is 
impossible to {oiijec|iire whether i ertaiii granites, wliu h send veins 
into gneiss and other mcLimorpliit rock-., Iiavc hccii so injected 
while the gneiss was scanch soliditicd, or at some time during the 
Secondary or Tertury pcriovl As it is, no single mass of granite 
can be ]Kiiiited out more am lent than the oldest known fossiliterous 
deposits, no J/oner Cambrian stratiim is known to icst immediately 
_on granite, no jicbbles of gr.imte arc ioiiiid in the i oiigloniLratcs ot 
the Cower Camlirian On the loiitrary, granite is usually foiiiid, as 
m the <ase of, Dartmoor, in immediate contait with iirimarj for- 
matioijs, with everv sign ol elevation subsci|ULnt to their iK position 
Porphyntie pebbles .irc fotiud m the Coal measures, jiorphjries ion 
tinue during the 'I'nassir ^lenoil , sinie m some parts ol (lennariy, 
veins of porphyry aK. found traversing the New Red Sandstone, or 
.(frM higarte of I'romh geologists Syeiiiles have especially reaited 
ui)on the Silurian deposits and other old sedimentary roeks, up to 
those of the Cower Carhomferoiis period 

The term “porphjiitu ' is usu.illy applied to a rock with a paste or 
base of compatl febpii in vvhwli telsiuthu irvsUils ol various si/es 
assume their iiatiir.d lonn The varietv ol ihiir miiuralogual (ha- 
nietei-s, the admirable polish which <an bi given to them, .iml which 
renders them eimiKiitlv useful for ornami nlation give to the porphy- 
ries an arlistu and iiulustnal importance, which would he greatly 
enhinced if the difficulty c)f working such a h.ird material rial not 
render the jiric e so high 

The porphyries possess various digrees of hardness ,incl c oiiipaet- 
ness When a lino dark-red colour which i ontrasls well with the 
w'lftte of the- lels|wr — is combined with hartliu -.s, a in.ignifneiU stone* 
IS the result, susieplible ot Ukmg a jiolisli, and tit lor anj kind ot 
ornamentjl work , lor the decoration cjI Iniildings, tor the construc- 
hpn of vises, columns, ite 'I’he red J'gjjiiian jK^rphyry, called 
nntuo. .was particularly sought after by thf am icnls, who made 
sepulchre?!, liaths, .iml c)beh>ks of it 'I he grandest known mass of 
this kind of porphyry is the Oln'lisk of Si\tus .V at Rome In 
•the Museum of the Diiivre, in F’aris, some nhigpilic’eiit basins and 
statues, made of the -.ame stone, m.iy also be seen 
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In spite of Its roinpact texture porphyry disintegrates, like other 
rocks, when exposed to air and water One of the sphinxes trans* 
ported from Kg}’pt to Pans, being ac cidentally placed under a gutter 
of the 1^11% re, soon began to exhibit signs ot exfoliation, notwith- 
standing It had remained sound for ages under the climate of Kgypt 
In Great llriUun, and even in trance, where the cliinatj; is much 
diier, the porphyries frequently decompose so Us to become scarcely 
recognisable They crop out in various ])arts of Prance, but are 
only abundant in the north eastern part of the central plateau, and in 
some ^larts of the south 'I'hcy fonn mountains of a conical shape, 
presenting, nearly nlwa\s, considerable depressions on their flanks 
In the Vosges they attain a height of from three to four thousand 
feet 

'I'he .Siv/cw/z/ft’ rocks are a sort of compact talc, which owe their 
soapy teslure and greasj feel to silicate of magnesia Their softness 
permits of their being turned in a lathe and fashioned into vessels of 
various forms K\cn stoves are constructed of this Mibstanc'e, which 
bears heat well 'I’he serpentine cpiarqcd on the banks of I-ake 
Como, which bears the name of ]>icrre ollaire, or jiot-stone, is ex- 
cellentlj acLiptul lor this ininiosc* Serpciitiiu;, shows itself in the 
Vosges, in the lamoiisin, in the laoniiais, and m tlieVar, it occii- 
pies an immense tract m the \li)s, as well as m the '\pcnnmcs 
Mona marble is an example of serpentine , and the Li/ard Point, 
Cornwall, is a ni.iss of it A jMirtion of tlie stratified rocks of Tiis- 
c.in)', and also those of tlie Island of Ivlba have been iiphcaved and 
overturned by eruptions of it 

As for the British Islands, jdiitonic rocks are extensively 'de- 
veloped in Scotland, where the Cambrian and Silurian rocks, oftem of 
gneissu character - associated here and there witli great bosses of 
granite and syenite — form In far the greater part of the region known 
as the Highlands In the Isle of .\ir.in a circular mass of coarse- 
grained granite protrudes through the sc lusts of the northern part of 
the islaiicl , wliilj., m the southern jxirt, a fmer-grainecl granite and 
veins of porphjryancl co.irse-grained granite have broken through the 
stratified rocks'' In Devonshiio and Cornwall there are four great 
bosses of granite , mthc southern parts ot C ornwall the mineral axis is 
defined by a line drawn ihrough the centre of the several bosses from 
south-west to norlhitast , but m the north of Loinwall, and extendjj-g- 
into Wcvonshrre, it strikes nearly cast and west The great ^grief.A.e 

* •' Geology of the Island of Amn,” by Andrew C Ramsay "Geolog)'pf 
Arrau and Clydesilalt:, ” b> James Uryce 
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mass ift CoiTiAvall lies on the moors north of St AusIlII, and mdiiatcs 
the existence of more than one disturbing fone “ There was an 
elevating force," sajs Professor Sedgwick,* “protruding from the 
St Austell granite ; anil, if I interpret tlie phenomena « orrcc tlj , there 
wassa contemporaneous elevating forte at ting from the south , and 
lietween tlicbc two forres, the beds, now spread over the stirfaie from 
theJSt Austell granite' to the Doitman anrl N.ireheail, were broken, 
contorted, and jilated in their present disturbed jiosition Some 
great disturbing lorcest ' he observ'ts, “have modified the sjmmelry 
of this part of ('oniwall, affei ting, ’ he behev es, “ the w hole Iraiisv erse 
section of the country from tlic headlands near Fowe> to those soutli 
ofPadstovv” This great granite-.i\is was upheaved m a line com- 
mencing at the west end of Cornwall, rising through the sLite-rocks of 
the older Devonian group, continuing m association with them as 
far as the boss north of^ St Austell, producing much confusion m 
thfi stratified masses , the granite-mass betw een St Clear anel Camel- 
ford rose between the deposition of the Pelherwin and that of the 
PI} mouth group, lasth, thg Dartmoor granite rose, partially moving 
the adjacent slates m such j manner that its north end abuts against 
and lijts up the hase.of the Ciihn-trotigh, mineralising the great Culm- 
limestone, while on the south it does the same to the base of the 
PI} mouth slates Those facts prove that the granite of Dartmoor, 
which was formerl} thought to be the most ancient of the Plutonic 
rocks, "IS of a date suhseciueiU to the Cuhn-mcaMircs of Devonshire, 
which are now regarded as forming part of the true carboniferous 
senes. 


VotCAMC RocivS 

Considered as a whole, the volcanic rocks mav be grouped into 
three distinct formations, w hirh we shall notice in the following order, 
which IS that of their rckUive anticiiiity, namely — i Imchylu, 
2 BastUtu , 3 Voluvac 0! I m'a fonmUons. 


'I’KACnVIlC I'ORMVllONS 

Trachyte (derived from ‘rpaxit, lougfi), haviijg a coarse, cellular 
aif^anincc, and a rough and gntty feel, hcloftgs, tc» the class cjf 
voiiCinic nxks 'I he eniptions of trach}te seem to have com- 
menced towards the nndille of the Tertiary penocl, and to have 


• Scp Quarhilv Jomual of Soi/ifr, vol viii , jip 9 anil loi 
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(ontiniied up to its close The trachytes present considerable 
analog) in their coinpusition to the felspathic porphjries, but their 
inintralogical characters are different Their texture is porous , they 
form a wliitc, grey, black, sometimes yellowish matrix, in ivhichj as a 



rule, felspar predominates^ together with dissctiiiiiatcd rry'stals of 
felspar, some hornblende or augitc, .ind dark-c nloiired intc a In its 
extern d apjiearaiicc trachyte is \ery xMriable It forms the three 
most elevated inuunt.un ranges ol ('cnlral France, the group? of 
Cantal and Mofil Dore, and the chain of the Velay i^u''?Ie- 
Dome) * ^ ■ 

• 1 or full •information in refcrmicc to tlw rocks sinl geology of this part of 
France, the rcailer is K*ferrc»l to Ihc iiia>.lLrl\ nork on “The CiLology' and’* 
L.xtinc.1 Voli^siicics ofLenJral )• ranee,” by O, I'oulctt btrujic, 2nd edition, 1858. ' 
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The Igneous group of ('jntal may he desi nhed as a senes of lofty 
fummits, ranged around a large taviU, which was at one i^eriod 
pro))ably a volcanic cnitur, the <inularhasc of which occupies an 
’area^of nearly fifteen leagues in diameter The strictly trachytic 
portion of the group rises m (he centre, and is c omposed of high 
mountains, throwing ofl spurs, which gradually dec rease in height, and 
terminate iii iilateaus. more or less me lined These c entral moun- 
tains attain a height varying lietween 4,500 and 5,500 feet above the 
level of the sea A scaly or schistose variety of trachyte, called 
phono/tte, or clinkstone (from the ringing metallic sound it emits 
when struck with the h.immer), with .in iinusu,il proportion of felspar, 
or, according to (hiielm, composed of fclsixar and /colite, fonns the 
.steep trachytic escarpments at the centre, which enclose the prin- 
cjjtal valleys, their ahru]it peaks gnmg a remarkably puturescpic 
appcMrance to live landscape Intheengravmgon p 4o(lMg t)theslaty, 
laminated character of the clinkstone is well represented in one of the 
phonohtic peaks of the (\intal grouii 'I'he group at hfont Dore 
consists of seven or eight rfteky summits, occupy mg a circuit of about 
five Teagues in diameter 'I he massive trachytic rock, ot which this 
mountainous mass is c hiefiy funnul, has an average thii kness of 1,200 
to 2,600 feet , comprehending over that range prodigious layers of 
scoruE, ])uiniceous conglomerates, and detritus, mterstratified with 
beds of trachyte and basalt, bearing the signs ot an igneous origin, tufa 
forming the base , and between them occur layers of lignite, or iinper- 
fec'Xly mineralised woody libre, the whole being superimposed on a 
jinmitive ])lateaii of .iboiit 3,250 Iccl in height Scored and furrowed 
out by dec]) valleys, the viscous mass was gradually upheaved, until 
m the ncedle-hke Ihc de S.incy (Piaii- J ), a jiyramiclal rock of 
porjiliyritic trachyte, which is the loftiest ))omt of Mont Dore, it 
attains the height of 6,181 feet The bold peak represented on 
I>agc 40 (big 4) gives an excellent idea of the general apjiearance of 
the trachytic mountains of Mont Dore 
* 'Upon the same plateau with Mont Dore, and about seven miles 
north of its last slopes, the trachytic formation is repeated in four 
rounded domes — those of Puy-dc-Dome, Sarcouy, Clier/ou, and Le 
<lpnd Suchet The Puy-de-Dome, one of most remarkable 
V|; 2 llamc domes in Auvergne, presents another fine hncl very striking 
example df an eruptive trachytic rock. The rock here assumes a 
peculiar mineral character, which has caused the maqae of domte to 
be given to it 

The chain of the Velay forms a zone, composed o( independent 
• plateaux and pe^ks, winch makes upon the horizon a long and 
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sfangcly intersocted ndgc 'I'ht: bareness ol the mountains, their 
forms — pointed or roimdeil, sometimes terminating in scai|)ed p^teaux 
— gisetolhe whole landscape an ipiiearaiice at once picturesque and 
cliaraclerihtic 'I he ]icak of LeAlezene, which riscb S,7SS fept above 
the sen, foniis the culminating ]ioint of the c him 'I'lie ]>honolites of 
which it consists ha\e been emptc'd Iroiih lissiires Much" jirescnt 
theinsehes at a gnat mniibcr of points, ranging from north-north-west 

to SOlllIl-SOlltll-C’TSt r 

(Jn the banks of the Rhine and in Tfnngary the tmchytic forma- 
tion presc-nts itself in features identical with those wdiich indicate it m 
P'ranic In America it is pimci|ull}' represented by some immense 
c ones, siqieriioscd in the c ham of the .Xndcs , the colossal Chini- 
bora/o being one of these tracliytic tones 


lllSAI lie FeiRMMioxs * 

Tlnsaltu eni]itions stem to luxe oiciirred during the Recondarj’’ 
and 'J'eitiarv periods Jkuxilt, a«coMmg Ur Daiibcny,* m its 
more strict sense, *■ is « onqiostd of an intimate mi\tnrc of augitc with 
a /colitic mineral, which ajuiears to lia\c been focmed out of labra- 
dorite (ftlspnr of Unbrador), h) the adclilion of water — the presence 
ot water licing in all ‘:co/rhs ihe cause of that btibblmg-up -under the 
blow'-jupe to winch thei owe tlicir aiqicllation ” Delessc and 
other mineralogists are of oimiion that the idea of augite being the 
])re\ailing iiimeral iii basalt, iinftl be nbandoiud , and that allhougli 
Its jiresiMuc gues the roc k its distini tnc < liarac ter, as c omi>arcd with 
tracliytic and most other trap icic ks, still the principal element' 
their I oiiiposition is felspar Ikisalt, a lax a consisting essentially 
of augite-, labradonte (or ne-jiheline) and niagnelit iroii-ore is. the 
rock which ]iredoininates in this lormation Jt eontains a smaller 
quantity of silica tlian the trachyte, and .i larger ]jru]Jortion of lime 
and inagiu-sia Hence, iiide-pcndcnt of the iron in its composition. 
It IS heaviei in |irc)|)'jrtiun, as it contains more or less silica’' ' Some- 
varieties of basalt contain xcry large i|iiantilies of olixme, a mineral 
ot an c)li\e green colour, with a chemical comiiosition diifenng but 
slightly from s>*l-peiitine lioth 1ms.iUs and trachyte cuntaita^norc 
soda and less silii a in their c ompositiun than granites , seni^ 'jf the 
basalts are highly fusible, die alkaline matter and lime' in their ctoin- 
position acting as a flux to the silica There are examples of.basaJt 


• "Volcanoes," and ed. 





II — >.oantain and baialtic crater of 1 a Coupe d -Uiac, in the Vivaiais, 
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existing jn well-tlcfined flows, which still adhere to craters visible 
.It the present d.iy, and with regard to the igneous ongin of whicli 
there can be no doubt One of the most striking examples of a 
basaltic cone is furnished by the mountain or cr.iter of I»i Coupe 



d’Aizac, in the Vn.irjis in the south of hrante Pi\ii II, on 
the opposite page, gi\es an aicuiate rcjiresenlation of this curious 
lusaltic floiv 'I h(s remnants of the stream of lupietied basalt whu h 
once flowed down the flank of the hiU may still be seen adhering m 
vast masses to the granite r8cks on both sides of a narrow valley 



where the river Volant has cut across the Ia\a and lefl a pavement or 
t anseway, forming an assemblage of ujinght ]irismati( < olunins, fitted 
together with geomctrual symmetry , the whole resting on a base of 
gniffi liasaltic eniptions sometimes fonii a platcai^ as represented in 
the process of form.ition is shown theuretrcally and m 
^ manner wfiu h renders further e\pla nation unneiessary Many of 
these basallK tablc-kiids fonn platuiuv of very considerable extent 
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and thickness others form fragments of tlic same, more or less dis- 
located , others, again, present themselves m isolated knolls, far 
removed from similar formations In short, basaltic roiks present 
themselves m veins or tlykes, more or less, in most countries, of 
which Central hrain c and the banks of tli'‘ Rhine offer many striking 
examples These v eins present ver> evident proofs that the mettter 
has been introdined from below, and in a manner viliieh could only 
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result from injection from the interior to the exterior of the earth. 
Such are the proofs presented by the basaltic veins of V illcncuve-de- 
t'-Tinmatf in slender filaments, sometimes bifurcated, 
which gradiialh Jose fiicmsclves in the rock whuh they traverse- /-n 
several parts ot the north of Ireland, chalk-formations with flints smi 
traversed b> basaltu dikes, the chalk being converted into granular 
marble near the’lja^alt, the change sometimes extending eight or ten 
feet from the wal, of the tljke, and being greatest near the surface of 
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contact In the Island of Kathlin, the walls of basalt traverse the 
chalk in three 'veins or dykes , the central one a foot thick, that on 
the nght twenty feet, ancl on tlie left thirty-three feet thick, and all, 
actonlini' to Biickland and Cnnylicare, within the breadth of ninc^ 
/cet. * 

One t>f the most stnkmg < haractenstu s of basalt is the prismatic 
and coUininar structure which it often assumes , the lava being 
hoiiioi'cneous anil of very fine gram, the laws wluih determine the 
Mircction of the fissures 'or divisional planes consolidated from a 
’molten to. a solid state, become here very manifest — these arc always 
at nght angles to the surfaces of the rock through which the heat of 
the lused mass c*s<aiijcd 'J'he litisaltic rocks have been at all times 
remarkable for tins picturesque arrangement of their jiarts They 
usually present columns of regular jmsms, having generally six, 
oTteft /ive, and sometimes four, seven, or even three sides, whose div 
position IS always pcqiendicular to tlie cooling surfaces 'I'hesc arc 
often divided transversely, as in Fig 6, at nearly equal distances, like 
tlic joints of a wall, compostcl of regularly arranged, equal-sided 
pus es ndheniig tpgetlier, and /requently extending over a more or 
less considerable s]xuea 'I'he n.uiie of (liaiit’s Causeway has been 
given, from tunc immemorial, to these cunous columnar stnictures of 
basalt In France, m the Yivarais and in the Veiny, there are 
many such basaltic causeways That of which Fig 7 is a sketch lies 
on the banks of the rii er Volant, where it flows into the Ardeche 
Ireland has always been celebrated for its (liant’s Causeway, which 
extends over the whole of the northern part of Antrim, covering all 
the prc-existmg strata of Chalk, (Irc‘ens.ind, ancl Penman formations; 
^e jinsmatic columns extend for miles ,ilong the cliffs, jirojectmg 
into the sea at the point spetially designated the Chant’s Causeway 

'I'hesc* c oluninnr formations vary considerably m length and dia- 
meter AIcCulluili mentions some in Skye, whiih “are about four 
hundred feet high , others in Morven not exceeding an inch or so m 
height In diameter those of Ailsa Craig measure ivne feet, and 
those .of Morven an inch or less” F’lngal’s Cave, in the Isle of 
Staffa, IS renowned among basaltic rocks, although it was scarcely 
known on the mainland a century ago, when Sir Joseph Banks heard 
of It Accidentally, and was the first to visit and desenbe it Fingal’s 
Cav«f*^s^ been hollowed out, by the sea, through _a . gallery of 
injfnihse prismatid columns of trajj, which are continually beaten by 
the waves The columns are usually upright, but sometimes they 
«|e curved and slightly inclined. Fig- 8 is a view o‘f the basaltic 
grotto of Stafla. 
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(;rott<)cs are sometinics tormefl l>y basaltir eruptions on ‘land, 
followed 1)> their separation into regular lulumns 'I'hc (Irotto of 
Cheeses, at Uertridi-lJaden, between Treves and Coblenz, is a 
remarkable e\ani[ile of this kind being so t allcil because its columns 
arc formed of round, ami usually flattened, stones placed one above 
the other in sm h a manner as to resemble a pile of cheeses * 

If we consider tint in bas.ilt-flows the lower ]Mrc is con^iact,* and 
often divided into prismatic columns, while the' upper part is jiorous, 
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cellular, scoriae cons, and irregiiKirU divided -that the points of 
separation on which they rest arc small beds presenting fragments of 
the iiomiis stony concretions known under the name of — 

that the lower portions of these masses present a niultitiide of jiomts 
which penetrate the rocks on which they re]ic>sc, thereby denoting 
that some fluid matter had mouIdcMl itself into its crevices — that the 
neighbouring recks are often calcined to a considerable thickness 
and the included vcjf^etable remains carbonised — no doubt can exi£ 
as to the igneous origin of Imviltu rocks When it reachc'd%' 
surface through certain openings, the fluid basalt spread itself, flovv- 
ing, as It were* over the hori/oiit,il surface of the ground, for if it 
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had flfiwi-d upon in(1ini.(l Mirf.ucs il i onld not hjvu i>ft’sor\o(l the 
unifonn surface and (onstant tlnckncss whuh it {fcnerall> exhibits 
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• The favi fonnations comprehend both extinct and acti\e rot 
canoes “'Phe term," says Lyell, “has a somewhat \jj|uc signih- 
cation, having been applied to all melted matter observed to flow in 
streams from vokanic vents When this matter lonsolidates m the 
open air, the upper part is usually sconac eous, and tlie mass becomes 
more and more stony as w e descend, or in proportion as it has c on- 
solidatcd more slowly and under greater pressure 

'J'he formation of extinct volcanoes is rejiresentcd m France by 
the volcanoes situated in the ancient provinces of Auvergne, Velav, 
and the \iva^ais, but pnne qully by nearly seventy volcanic cones 
of various sizes and of the height of from 500 to 1,000 feet, 
composed of loose sconac, lava, and pozzuolana, arranged upon 
a granitic table-land, al^ut twelve miles wide, overlooking the 
town of Clermont-Verrancl, and which seem to haeve been produced 
along a longitudinal fratlurc in the earth’s crust, running m a direc- 
tion from north to south It is a range of volcanic hills, the “chain 
of /V/j’j,” nearly twenty miles in length, by two in breadth By Us 
cellule and porous structure, which is also granular and installmc, 
the felspathic or pyroxenic lava whicli flowed from these volcanoes 
IS readily distinguishable Iroin tlic anaUjgous lavas which belong to 
tfie basaltic or trnih}tic tonnalions ’I heir surlace is irregular, and 
bnstles with asiieritics, formed by heapcd-iip .mgiilar binckx 

'Phe volcanoes of the chain of shown on the opposite 

page (Pi III ) are so perfectly preserved, their lava is so frecjuenlly 
superposed on sheets of Iiasnit, and jiresents a c cimjiusition and 
texture so distinct, that there is no difficulty in establishing the fact 
that they are iiostenor to the Ikisallit fonnation, .md of very recent 
age Nevertheless, they do not appear to belong to the luslonc 
ages, for no iTadilion attests their cTuption Lyell places these 
eruptions in the I-owcr Miocene ix.rux], and tlieir greatest activity 
in the UpiJcr Miocene and Pliocene eras “ Kxtinrt ciuadrupecls of 
{hose eras, ’ he say s, “ belonging to the generaVncy»t()don, rhinoceros, 
and oth«rs, were buned 111 ashes and beds of alluvial sand and gravel, 
which owe their preservation to ovei spreading ^h^ts of lava ’’t 


“ I'lrineiits of Geology,” p. 59®. 
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All phenomena can be explained by the theory we have 

already indw ated, of fractures in the solid crust of the globe resulting 
from Its cooling The various phenomena which existing volcanoes ' 
present to ns are, as Hiimlioldt has said, “ the result of every action' 
exercised by the interior of a planet on ks external *cnist * We 
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designate as volcanoes all conduits whuh establish a permanent com- 
munication betw^n the interior of the earth and its surfaS — a 
''onduit which 'gives passage at intervals to eruptions of in 

Fig 9 we have represented, in an ideal section, the geological mode of 
action of volcanic eruptions. The volcanoes on the surface of the 
globe, knovm to be in an occasional state of at tivity, number about 

^ “Cosmos,” vol 1, IT. 25 Bolm. 



I OLCAV/r O/! / tt A /Y)A’l/47/OV«? 


55 


three hundred, .ind these m.i> Ik. di\uled into two classes the nfl/a/rtf 
or central, and the Imear or tliose \oli anoes which lielonfj to a senes * 
first arc.utise s oh anoes, around which there may be estU' 
Uished many secondary .iilue mouths of cniption, alwiiys in con- 
nectibn with some p^ncipal crater 'Ihe second arc disposed like 
the chimneys of furnaces, along lissures evteiulmg oi cr considerable 
distances 'J’w'enty, thirty, and even a greater number of \oUanic 
cones may rise alxne bnc such rent in the earth's c rust, the direction 
of wljicli will be indicated by llieir linear course. The Peak of 
Tencnflc is an instance of a central volcano, the long ramiiart-like 
chain of the \ndcs, jiresents, from the south of C hih to the north- 
west coast cjf America, one of the grandest instances of .i continental 
volcanic' chain , die remarkable range of volcanoes in the province of 
IJjiito belong to the latter class Danvm relates that on the 19th of 
Marc h, 1835, the attention of a sentry was c ailed to something like a 
Lirge star which gradually increased 111 si/c till ahniit three o clock, 
when i£ presented a very magnificent spectacle ‘‘ lly the aid of a 
glass, dark ohjet ts, in c onstsnt siu cession, w ere seen m the midst of a 
great*glare of reel liglit, to lie thrown up anil to fall clown 'Ihe light 
was sufficient to cast on the water a long bright ritlection it was the 
volcano of (Jsomo m action ' Mr Darwin was atterwards assured 
that Aconc^igua, m Chili, 480 miles to the north, was m action on llie 
same night, and tliat the great cniplion of Cosegiiina (2,700 miles 
north of Aconcagua), ac c om]j.inic’d bv an earthcpiake felt over t,ooo 
miles, also occurred within sis^hours at this same time, and yet 
Ccjseguiiia had been dorm.mt for siv-aiid-twenty years, and Ac uncagiia 
must rarely shows any signs of action t It is also stated by Professor 
Dove that m 1835 the ashes discharged from Coseguma were carried 
700 mile^ and the roaring noise of the erujition of Krakatoa in 1883 
was heard at Rodriguez, more than 2,500 miles distant 

In the sea the senes of volcanoes show themselves in groups of 
islands disposed in longitudinal senes 

, •Among these may be ranged the volcanic senes of Sunda, which, 
according to the accounts of the matter ejected and the violenc e of 
the eruptions, seem to be among the most remarkable on the globe , 
Ae series of the Moluccas and of the Philippines , those of Japan , 
& jAe Marianne Islands , of Chili , of the double senes of volcanic 
nimniits near Quito, those of the Antilles, Guatemala, and Mexico 
Among the central, or isolated volcanoes, we may class those of 
^he lapan Islands, which have Stromboh, in pennanent activity, for 

* “ Cosmos,” vol I , p 237 t IJatwin’s Joiftnal,” p 291, 2 ikI cihtion 
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their Centre, litna, I'tsurius, the \ole.inoes of the Azores, of the 
Catiarus, of the Cape de Verde, of the Galapagos Islands, the Sami- 
wuk Islands, the Marquesas, the Socuty Islands, the Islands, 

Bourbon, and, finally, Arat at 

The mouths of volcanic chimneys are, almost always, situdVed near’ 
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the summit of a more or less isolated romcal mountain , they usually 
consist of an o])enmg in the form of a funnel, which is called the 
crater, and which descends into the interior of the volcanic chimney 
But m the coutsre of ages the crater becomes extended and enf-rged, 
urttil, in some of the older volc.inoes, it has attained dlmffil»1 nt^*- 
dible dimensions In 1822 the crater of Vesuvius was 2,000 l&et 
deep, and of a very considerable circumference The crater of 
Kilauea, in the Sandwich Islands group, is an immense (hasm 1,060 
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feet deep, with an outer rircle no Icsh tli.in from two to three 
miles in diameter), in which la\a is usually seen, Mr Dana tells us, 
to lioil up at the Iiottom of a lake, the level ol whuh \aiies eon- 
nniialljc ai cording to the attive or qiiiesc,ent stale of the volcano 
The tone whieh supports these craters, and whieh is clesurnated the 
tone 0/' Ljed/un, is toiiinosecl for the most part of lava or sioruc, the 
l>n)diiels of eruption AI.in> vole.inoes t onsist oiil^ of a coneof scome 
Such is that of Ikirren Isle, in the Hay of Hengal Others on the 
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contrary, present a very small rone. notvv'ilhslanding the lonsulerahlc 
height of the voUanu ihain As an example we mav mention the 
nevy 'crater of Vesiivii’s, which was ^iroduicd in iSay within the 
former crater ( Fig to) 

The frequency and intensitv of the eruptions htai no relation to 
tl^^dimensions of the voli-inie mountain '1 he enqition of a volcano 
IS e*sjjalJy announced liya subterranean noise, aiiTJhqunjed by shocks, 
quivering of the ground, and sometimes hv actual eartlujiiakes 'I’hc 
no;se, which usually proceeds from a great de])th, nukes itself heard, 
sometimes over a great exUnt ol country, and resembles a well- 
sustained fire of artiller), accomjuniecl by the ra'ttle of musketry. 
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Sometimes it is like llie liea\) rolling of subterranean thunder 
I’lssiires are frequently iirodui ed during the eruptions, cvtending over 
a (.onsiderabJo radius, as represented m the w ood« iit on jwgc 5 7 of 
the fissures of Locarno (I'lg ii), where thL\ present a singular 
appearanie, the clelts rai hating from a centre in all dircc tions, not 
unlike the starred fnit lure 111 a t raiktd p.iiie of glass The erujrtion 
begins with a strong shock, whiih shakes Ike whole interior of the 
mountain, masses of heated \aj»oin and thuds begin to asrend, 
revealing themselves in some lascs In the nvolting oi the snow upon 
the Hanks of the c one of ejei turn . while simultaneously with the final 
shock, which overc nmes tlie last resislanc e opposed b) the solid mist 
of the ground, a t onsidcrable body of gas, and more especaalh of 
steam, esta]ies from the mouth of the c rater 

The steam, it is important to remark, is essentially the cause of 
the terrible mechanical effects which ait omiiany vulcanic eruptions 
(Jranvtic, porphjntic. trachjtic, and vimetnnes even Kisaltic matters, 
have readied the suif.ice without ]inKlucing any those violent cit- 
plosions or ejections ol roiks and stones which accoiniiany modern 
volcanic eruptions, the older granites, ixirphincs, trachytes, and 
basalts were disdiargcd without violence, iK'cansc steam did not 
acconipanv those melted rocks— .1 sudicicnt jiroof of the comparative 
calm whicli attended the .iniient as compared with modern eruptions. 
Well cstabhslicd by si leiitilu observations, this is a fact which 
enables us to espl.iin the c.nusc of the tremendous mechanical effeits 
attending modem vnUanu cniplions, contrasted with the more 
tranquil eruptions of earlier tunes 

During the first moments of a wokanic enqition, the accumulated 
masses of stones and ashes, winch till the crater, are shot up into the 
sk) h) the suddenlv and powerfully dcvelopccl elasticity of the steam 
This stc.iin, whii'h h.is lietii disengaged by the heat of the jhiid Jav.i, 
assumes the form of great roiindecl bubbles, whicii are evolved into 
the air to a great height .ibove the < rater where they e\pand as they 
nse, in clouds of da//hng whiteness, assuming that a|)pe,aranc c which 
riiny the \ oiiiiger comjured to a stone pine rising oi lt Vc*siiviiis The 
masses of clouds finally condense and follow fhedirec fion of the wind 
'iliese volianii clouds .ire grev or black, .ic cording to the quan- 
lily of /nZ/tr that is, of jiulvcruknt matter or dust, niived with watery 
v.i]JOur, which tbe^v loniev In some eruptions il h.is been obscif,jed 
that these c-londs on descending to the surface of the; son, #(R.'7;ad, 
.iround an chIout of hvilrochlonc or ■jnl])hurir ac id, and traces of bortt 
these acids are found in the ram winch jjrot eids from the condensa- 
tion of these clouds 
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Tlie flfcecy clouds of Viiijour which issiu; frcjm the \olcnnoes are 
strtaked with hghtninj,s followed b\ continuous peals of thunder, in 
I onck using, they discharge disastrous showers, which sweep the 
sides ot the mountain Many eruptions, known as mud volcanots, 
and watery vohanoes, are nothing more than these heavy rams, tarry- 
ing down with them showers of ashes stones, .mil sc oria:, more or less 
mixed with water ' 

l*as!{ing on to the phenomena of wine h the i rater is the scene 
,at the tune of .in eruiitym, it is stated that at first there is an 
incessant use and fall of the laxa which fills the interior of the crater 
'ITiis double movement is otten interrupted h> violent cxyilosions of 
jgas The crater of Kilauea, in the Island of If.-iuaii, contains 
a lake of molten matter, 12,795 feet broad, which is subject to such 
a double movement of elevation and depression ]• ac h of the 
vaporous bubbles as it issue's from the c rater jiresscs the molten lax'a 
upwards, till It rises and bursts with great force at the surface A 
portion of the lava* half-cooled and reduced to storue, is thus pro- 
jected iipwiirds, and the scxeral fragments are hurled violently in all 
directions, like those of a shell at the moment when it bursts 

Tlie^eater number of the Tragmcnls being thrown vertically into 
the air, fall back into tlie c rater <igam Many accuinulating on the 
edge of the ojicning add more and more to the height of the rone 
of eruption The lighter and smaller fragiiu'iits, as well as the fine 
ashes, arc drawn uiiwards by the spiral vapours, and sometimes 
Iraiisjiorted by the winds over almost incredible clislames 

In 1883 the ashes from Krakatoa were earned fully 1200 miles 
from the island. In 1812 the volcanic ashes of Saint Vincent, 
in the Antilles, were tamed eastward as far as IJarbadoes, spreading 
*ach obscurity over the island that, 111 open d.iv, passengers could 
not see their way I’liially, some of the masses of molten lava are 
shot singly' into the air dimng an eruiitioii w itli a rapid rotatory' motion, 
which causes them to assume the rounded sliajic in which they .irc 
know n by the name of 7 'olcantc bomb't 

We h.ive already rem.irked that the laxa, which lA a lluicl state 
fills the c rater and the internal v'eiit or c himiiey of tlie vole aiio, is 
forced iijnvaids by g.isecnis fluids, and by the sU'aiii which has been 
generated from the water, entangled with tlie kiva In some cases 
the Jscchanical force of this x.ipour is so great as drive the lava 
qveif 'edge of the crater, when it forms a fiery torrent, spreaebng 
ewer the sides of the mountain This only happens in the case of 
volcanoes of inconsiderable he ight 111 lofty volcanoe*! it is^not unusual 
for "the laxa thus to force an outlet for itself near the base of the 
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mountain, through which the fiery stream discharges itself over th« 
siirruiinihng coijntr| Jn such cin iiinslani es the lava cools somt 
wliat r.ipidly , it bci omes hard and jiresents a scoriaceous crust or 
the surtace, while the vapour escapes in jets of steam thipiigh th< 
interstices lJut under this superficial crust the lava retains its fluu 
state, cooling slowly in the interior of the /nass, wliild the thickeninj 
stre<iin moves sluggishly along, impeded m its progress by the frag 
meiits of ro( k winch this burning river drives before it 

'I ho rate at w Inch a current of lava moves along depends mioi 
its mass, upon its ilegree of fluidity, and upon the im lination otthi 
ground It has been stated that certain streams of lava havi 
traversed more than 3,000 yards in an hour , but the rate at whicl 
they travel is usually niurh less, a man on foot being often able tc 
outstrip them These streams, also, vary greatly m dimensions 
'I'he most i onsiderable sin. am of lava from Etna had, in some jiarts 
a thickness of nearly 1 20 feet, w ith ,1 breadth c^ a geographical mih 
and a half The largest lava-stream recorcied issued from $hc 
Skaptir Jokul, m Iceland, in 1783 *lt formed two currents, whose 
extremities were twenty leagues a{iaik, and which from time to time 
presented a breadth of from seven to fifteerr miles and a thickness o 
650 feet, though in Hawaii some have bexin larger and deeper 

A peculiar eftect, and which only simulates volcanic activity, i 
observable in localities where iinul colcanots exist Volcanpes of thi 
class are for the most put conical lulls , of low elevation, with , 
hollow or depression at the c entre, from which they disc harge tin 
mud which is forccil upwards Ijy gas and steam 'I he temperatun 
of the ejected matter is only slightly elevated 'I he mud, general!’ 
of a greyish colour, with the odour of petroleum, is subject to llji 
same .ilteriiating mciveiiienls which have been already ascribed to thi 
fluid lava of volcanoes, jiropcrly so c.alleil '1 he g.iscs which forci 
out this luiuid mud, mixed with salts, gypsum, naphtha, sulphur 
sometimes even of ammonia, are usually carburetted hydrogen am 
curbonu acid Isverything leads to the conclusion that these com 
pounds jirocccd, at le.'cst in great part, from the reaction pioducec 
between the v.irious elements of the subsoil under the influence o 
infiltrating w.iter lietween bituminous marls, complex carbonate^ 
and probably^rarbonic acid, denvctl from acidulated springs, M 
Eouiiiet saw. iir Languedoc, near Koiijnn, traces of soinej^thes 
formations , and not far from that neighbourhood is the bitunlin(iu 
spnng of (labjan 

Mud vole anoi s, or jci/icj, exist m rather numerous locathtie^ 
Several are found in the neighbourhood of Modena. There ai' 
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some in Sicily, between Aragona and (iirgenti Pallas observed 
them in the Crimea— in the peninsula ot Kcrtch, ami in the Isle of 
'I'am^-n. They are common m New Zealand, in the Yellowstone 
Park (in Western America) and in Southern Cnlifornia^ and have 
betu observed in the Island of 'I nnulad and in Huidoslan. In 
1797 an'cniphoii of niui\ ejected from 'rungtiragua, in (iuito, tilled a 
valley 1,000 feet wide to a, depth of 600 feet C In the oi>posile page 
In represented the mud volt ana of Tiirliato, 111 the pmvime of 
'{'artagena (Plaip IV), “vihi<h is destnbul and figured by Von 
Ihiniboldt in his “Voyage to the 1 * tjuatorial Regions of America " 

In certain countries vve find small hillocks of argillaceous forma- 


tion, resulting from ancient tlischarges of mud volt moes, from which 
.ill disengagement of gas, water, and imid has long ee.ibed Some 
times, how'cver, the phenomenon returns and resumes its mterruptecl 
course with great violence Slight shocks of earlhijiiakes .ire then 
lelt blocks of dried earth are jirojec ted from the aiieieiit crater, 
and new waves of niiid How over its edge, and spread over the neigh- 
bouring ground 

To return to ottlin.iry vole jnoes, llwt is to sa\, those* whieb eject 
lava At tile end of .a •lava-tlon, when the violence ol the voluinic 
aition begins to subside, the discharge from the eritei is confined to 
the diseiig.igement of vajwrous gases, mixed with ste.iin, which nuke 
their ese^ipc in more or less abundance through .1 imiUitiiele cvf 
fissures in the ground 

The great number of v ole anoes w hit h have llms become extinct 
fonn what are called solfataras 'I'lie siilphiiietted hvcliogeii, which is 
given but through the fissures m the ground, is dec omiiusc'd liy c ontac t 


with the air, water being formc'd by the .ic lion ol the oxygen c>f the 
atmosiihere, and sulphur deposited m c onsideuible ijii.uUilies cm the 
walls of the crater, and m the cracks of the ground. .Such is the 
geologic .il source of the sulphur which is eollei led at Po//iifjli, near 
Naples, and m in.iny other simikir regions— .1 subst ini e wliic h Jilays a 
most imiiortant part in the mdustnal cx,c iipatums of the; world It is, 
in faeA,* from sulphur extracted from the ground about the mouths of 
extrncA volcanoes, that is to say from the jmvcUicts of solfatanxs, that 
sulphuric acid is frequently nude — sulphuric acid being the fiind.v- 
mentfil agent, one of the most pow'crful elements, of tjic ntmufaeturing 
pro^fctions of both worlds 

^ '4 he* last phase of volcanic .utivily' is the disengagement' of 
carbonic acid gas without any incnrcase of temperature In places 
Yihore these continued emanations of cxirbonic acid gas manifest 


themselves, the existence of ancient volcanoes may b£ reeognised, of 
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whicli ihcsi' (hsi li.ir}fLS .irc tin. timing ]>hi.‘numLnon 'J'lns A seen m 
a must rt markabli; inaniiLr 111 Aiixcrgnt nlnrc there .ire .a multitude 
of .UKliilatoil springs, that is tt> s.i>, s])rmgs i barged with carbonic 
.11 id During tin time when he was opening the mines of Pont- 
gil).aiul, i\r I'ourinl luil to tonteiul with Liiian.ilK'ns wliidi soiAetmies '| 
eshibiled themselves with e\plt)si\e power Jets oi w.'iter.were.thrown 
to grc.it heights in the g.-illeries, ro.inng with llie noise of steam when 
escaping from the boiler of a loconiotUL engine 'I he w'.iter which 
filled an alundoned iiiiin shaft was, on <two sep.nmte ociasions, 
uphecULtl with great iioleine halt iinpUmg tin, pit while vakt 
vohinns of the gas overspread the whole, \allev, suiTocating' .1 horse 
and a llotk ol gen si. I he innnrs we.re lompelled to lly m .ill haste 

.it the moment when tin gas burst forth, holding themselves as 
upright as possible, to aioid plunging their heails into thciarhonic 
acid gas, whuh, from its low specific gravitx, was non filling the 
lower parts of the galleries It represented cm .1 small suile the iffeit 
of the Grotto ih! Cnm whii h i v ites siu h surprise *imong the ignorant 
nc.ar Naples, passing also, for one of the marvels of Nature all over 
the world I'oiiiint stales that .fll tin minute fissures of the 

met.illife roils gneiss mar ( lermont aTe qiiHe s.itiir.ULtl wUh free 
i.irboni< acid gas, whuh rises plentifully fiom the soil tlnrc| as well 
as in m.iny parts of the surrounding loiinti} 'I’he components of 
the gneiss, with the eviplion ot tin ipiiit/. are softened by it, and 
fresh (ombiiialioMs of tin and with lime, iron, .ind mang.mese arc 
< ontiniiall) taking pl.ice* In short, long after \oli..mocs li.ivc become 
extinct, hot springs, charged with mineral ingredients, continue to 
How in llie same area • • 

'I he s.mie t.n ts as those of the Grotto thl fitw manifest themselves 
with even grc.itcr inlensiU m java, in the so-c.illed V.illey of Poison, 
whuh IS an ohjeit of terror to the milives In this « elcbriled valley 
the ground issaul tube loxcrcd with skeletons and lanases of tigers, 
goats, sl.igs, birds, and even ot hiiuun beings fur asph)\i.i or suffo 
i.Hion, It seems, strikes .ill living things which venture into this 
desolate jilace" In the same island a stream of siiliihiiroiis vv.ijer, a*- 
white .is milk, issues from the cnitcr of M/mnt Tdienne, on the' east 
• oast, and on one oce.ision, as iileil by No/ct 111 the Journal dt 
Gio/ogie,!i great body of hot water, ih.irged with sulphuric acid, wa* 
discharged fronVdle same volcano, inundating and destroying alBthe 
vegetation of 'a large tract of country by its noxious futner-^nd 
poisonous properties ’ * 

It IS knoivn'th.at the alkaline waters of Plombieres, in the Vosges, 
have .s temperature of 160" hahr For 2,000 }e.irs, .according 
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to DauBree, through beds of concrete, of hmo. bntk, anti sand' 
stone, these hot waters have penolatetl until the‘v hive* originated 
ealiare'oiis spar, aragonite, and fluor spar, together with sihcious 
minerals, surh as oiKil, which are found filling the uiterstues of the 
bricks •and mortar hrom these and other similar statements, “we 
are led, ’ say. Sir Charles L>ell,* “to infer th.it when m the bowels 
of the earth there are large volumes of molten matter, eontaimng 
heated water and various a< ids, under enormous pressure, these sub- 
terraneous fluid masses ‘Will grailuallv part with their heat bv tne 
escape of steam and various gases through fissures producing hot 
springs, or bv the pas'-age of the s.ime through the jiores of the 
overlying and injected rocks ’ “Although,’ he adds + “we canonlv 
stud) the phenomena as exhibited at the siirfai e, it is clear th.it the 
gaseous fluids must have made their wav through tlie whole thickness 
ol .the porous or fissured rocks, which intervene between the* siib- 
terralieous reservoirs ol gas and the external air I he extent, there- 
lore, of the earth s^.rust which the vapours have permeated, and are 
now jjerineatnig, inaj be tliuii^ands ol fatlioins in tliic kness, and their 
heating and nuKhlying inthienee mav be spread throughout the whole 
ot this solid mass ’ * 

The founlams of boiling water, known unde>‘thc name ot 6'cj’jc«f, 
are another emanation connected with ancient craters 'lliey are 
cither continuous or intermittent In Iceland we tiinl great numbers 
ot these'gushmg springs— in tact the island is one entire mass of 
emptive* rock Nearly all the volcanoes are situated upon a broad 
band of trachyte, which traverses the island Ironi south-west to north- 
east • It IS traversed by unmense Assures and covered with masses 
of kiva, such as no other c ountry jiresents 'I'hc volcanic action, in 
short, goes on with such energy that certain jiarowsms of Mount 
Hecl.i have la.sted tor six years without interruption Hut the (he.it 
(leyser, represented on the opiKisite page (I’l vii V ). is. pcrh.i[is, 
even more an objec,t of curiosity 'I'his water volcano projects a 
column of boiling water, eight yards in diameter, c harged with silica, 
to the height, it has been said, of abuiil 150 teet, depositing vast 
riuanfities of silica as it cools aller re.ic hing the earth 

The volcanoes in actual activity are, as we have viid, very nume- 
rous,' being more than 270 in number, scatterec^^yer the whole 
! 4 uihce«f the^ globe, but mostly oceumiig in tropical regions The 
u^nd of Java alone contains about fifty, which have been mapped 
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an<l dcsiiibttl by Dr Jimgbiihn ThosL lust kiiunn arc Tesuiius, 
near Xaijles . Kina, in buih , and Struinboli, in the lapari liJands. 
A rapid sketch ot a few of these may mUrest the reader 

\esii\iiis is ot all voUanocs that mIikIi has iieen most closely 
studied, It IS, so to speak, the classical volcano b’evv persons are 
Ignorant of the fact lliat it oivnetl— alter a jieriod o^" quiescence 
evtending beyond the memory of living man— in the year 79 of our 
era 'I'liis criiplion » ost the cider I'liny his lile, who fell n sacrifice 
to his desire to witness one ol the most imposing of natural pheno- 
mena -Vfter many mutations the present t rater of Vesuvius consists 
ot .1 (one, surrounded on the side o])posile the sea. by a sciiiicireiiLir 
I rest, fomiiosLil of piinm (“oiis nialU'r, loreign to Vesuvius properly 
speaking, for we liehcve that Mount Vesuvius was onginally the 
mountain to vvhicli tlic name ot Stmma is now given 'I'lie cone 
whuli now bears llie name ot \esuvius was probably fonned during 
the lelcbnitcd eruption ot 79 vvhuh biiriiil under its shovveN of 
pumiceous ashes tlie cities ot J’ompeii and llerciilancsim 'I'his 
cone terminates m a crater, the shajH jif which has unclergonc many 
c hinges, and whidi has, since its origin, thrown out eruptions of a 
varied character, together with stre.nfis of l^iva In our days the 
eruptions ol \esuvms have only been separated by intervals of a 
few years 

I he lapari Isles contain the volcano ot btromboli, which is con- 
tinually m a st.ile of ignition, and forms the natural lighthouse of the 
'1 jirheman Sea sue li it was when lloimr mentioned it, such it was 
hetore old Homer's time, and such it still ajipears in our days Its 
cniiitioiis .ire ince>.sanl The erat^r vvhenee they issue is not situated 
(111 the summit of the c one, but upon one of its sides, at nearly two- 
thirds of Its height It IS in part filled with lluid kiva, which is con-- 
tiniially subjected to .ilternale elevation and depression- a movement 
nrovoked by tlic ebullition and ascension of bubbles of steam which 
rise to the surface, projecting ujiwanls a tall eoliimn of aslus During 
the night these clouds of vaiiour shine with a m,ignificcnt red reflec- 
tion, which lights up the whole isle afid the surrounding sea with a 
lurid glow 

Situated on the c'astc’rn coast of Siulv, Ktua appears, at the first 
glance, to have a^ much more simple structure than Vesuvius Its 
slopes are less j^eji, more uniform on all sides , its vast base nearly 
rcpresemls the 'form ot a buckler The lower pprtion of EtHaf oij^q 
cultivated region^ of the mountain, has an inclination oT about tnre»A 
degrees TJie middle, or forest region, is steeper, and has an inclina- 
tion of about eight degrees. The mouiitam terminates in a cone ot 
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an elliptical form of lhirt)-l\\o degrcts of inclination, whiili ocars m 
the midrile, abo\e a near!} horizontal terrace, the tone of truption 
with Its circular crater '1 he crater is io,.S67 leet high It gives out 
no kva, but only vomits forth gas aii<l va]>our, the streams of lava 
issuing • IroTi^ sixteen smaller cones which have been formed on tlic 
slopes of the moiintaifi The observer niav, by looking at the 
siimniil, (onvince himself that these cones are (lis|)osetl in rajs, anil 
are based upon dells or lissiircs which converge towards the crater 
as towards a c entre 

Hut the most extraordinary display of volcanic phenomena oc'curs 
in the Pacihc Ocean, in the S.indvvich Islands, and in Java Manna 
I oa and Manna Kea, in Hawaii, are huge flattened cones, 14 ooo 
feet high According to Mr Dana, these loftj, featureless hills sonie- 
tiiTies throw out sue c essivc streams of lava, notv er> far below their 
siiiiiihits, often two miles in bieadth and sisaiidlwent) in length , 
and that not from Ane vent, but in tvorv direction, Irom the a])e\ ot 
the cone down slopes varviijg from lour tc. eight degrees ot incli- 
nation The lateral crater of Kilauc^i, on the ll.ink ol Mauna I oa, 
IS situated at 4,200 feet vibove tlie level of the sea — an immense 
chasm t,ooo feet deep, with an outer circuit seven to eight miles 
in diameter At the bottom lava is seen to boil up in a molten 
lake, the level of which rises or falls aieonling to the active 
or (luicsccnt state of the volcano, but in plac'c ot oveiflowing, 
the column of melted rock, when the pressure lu'ccinus exces- 
sive, forces a passage through subterranean commiinuaiions lead- 
ing te the sea Qne of these oiftbursts, which took place at an 
ancient wooded crater six miles east of Kilauea, was observed by 
Mr Cciaii, a uiissioiiar>, in June, 1840 Another indication of the 
subterrane in progress of the lava took jilaee a mile or two bevond 
this, m which the fieiy flood spread itself ovct fifty ac res of land, and 
then found its way underground for several miles further, to reappear 
at the bottom of a second ancient wooded crater vvliieh it p.irtly 
filled up * 

'Ilie volcanic mountains of Java constitute tbe higliest peaks of a 
mountain range miming through the island from ciust to west, on 
which Dr Junghuhn clescribcd and mapjied forty-six conical emi- 
nences, ranging from 4,000 to i r,ooo feet high A* The top of many 
of (^e 4 < 9 ftiest of these I)r Junghuhn fuuncl the active cones and 
cKaters of small size, and surrounded by a plain of ashes and sand, 
w^ich he calls the “old crater wall,” sometimes exceeding 1,000 

* Sec the works of Messrs Dutton ami Hrigham, amt nrSIiss (forcltni-^ iiinming 
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feet and manj, of the scmirirciilar walls enclosing large ravines 
or deras, four miles in diameter But of all the volcanic outbursts 
within ilie memory of man, that of Krakatoa, an island m Sunda 
btraii, on the 27th of August, 1883, was the most violent* • 

'Jo this rapid sketch of actually existing volcanic pl^enomena we 
may add a brief notice of submarine volcanots If these are known 
to us only m small numbers, the circumstance is explained by the 
fact that their appearance above the bosom of the sea is almost , 
invariably followed by a more or less complete disappearance , at the 
same time siuh very striking and visible phenomena afford a Sufficient 
proof of the continued persistence of volcanic action beneath the 
bed of the sea-liasm. At various tunes islands have suddenly 
apjieared, amid the ocean, at points where the navigator had not 
before noticed them In this manner the island called Cirahams, 
Fcrdmanda, or Julia, whi< h stiddcnly appeared oft the south-west 
coast of Sicily m 1831, was swept away by ihewavcVj two months after- 
wards At several periods also, and potably in 1811, now islands 
were formed m the A/ores, which raised themselves above the weaves 
by re])catcd elforls all round the islaiills, ami many other points. 
Many have appeared off Iceland, in the Pacific, and elsewhere 
'Phe island winch appc.ired in 1796 ten leagues from the northern 
point of Unalashka, one of the Aleutian group of islands is speaally 
remarkable We first see a t olunm of smoke issuing from the bosom 
of the ocean, afterw ards a black |)omt ajipcars, from which bundles 
of fiery' sparks sec m to rise over the surface of the sea I!)unng the 
ir.my months that these phenomdna continue, the island increases in 
breadth and in height I'lnally smoke only is seen, at the end of 


four years even this last trace of volcanic convulsion altogether- 
ceases. 'J'he island continued, nevertheless, to enlarge, and to in 
ircasc in height, and m 1806 it fnnned a cone, surmounted by four 
smaller ones. In 18S3, and again in 1890, it was in eruption 

In the space lomjjnscd between the isles of bantorin, Thcrasia, 
and Aspronisi, in the Mediterranean, there arose, 160 years 
betore our era, the island of which was enlarged f'jy the 

upheaval of islets on its margin during the years 19, 726, and 
1427 Again, in 1773, Micra-Kaimcni, and 111 1707, Nea-Kanneni, 
made their apj^Wancc. 'I'hese islands increased in sue successively 
in 1709, in 1711, in 1712 According to ancient -writers, ■S«nt|nn, 
'Hierasia, and Aspronisi, made their appearance many ages before tl>i 
t^hnstian eia, dt the termination of earthquakes of great violence. ' 

* V spiTial \o1iiiiie— “ eruption of Krakatoa" (i888| — has been devoted 


to It 



Ml / / MOHl'UK MOf \-<r 


71 


Mftxmorphic Rocks 

The rocks composing the terrestrial crust ha\e not alwajs re- 
mime^ m their original state 'lliey have freiiiiently undergone 
changes whtch have altogethei modihed their properties, jiliyhiral 
and oliemu al 

Wlieii they present these charat toristies, we term them Mtta- 
morphtc AVtii 'I he pli'enomena whidi belong to this subject are at 
once important .mil neu, .md have lately muc h attrac ted the attention 
of geologists We shall best enlighun our readers on the meLi- 
moiphisni ot rocks, if we treat ot it under the beads ot j/crW and 
^enftal metamorphism 

When .1 mass of eruptive rock penetr.ites the terrestrial crust it 
suftjircts the rocks through which it |j.isses to a special metamor[ihi!>in 
— to the eflfec ts of l^ml jirodiu ed by umfact Sue h etlec-ts mav almost 
always be observed neai the margin ot masses ot eruptive rock, and 
they .tre attributable eilliei tonhe toiumumtalLd heat of the eruptive 
rock Itself, or to the disengagement of gases, ol steam, or of mineral 
and tharmal waters, .vhich have .iccompanicd its eruption 'The 
eHetts vary not only with the rock ejected, but evm with the nature 
of the rock surrounding it 

In the case ol volcanic lav'a ejCM tcnl in a molten state fur mshmee*, 
the modifications it eftects on the siirrouniliiig roi k are ve*rv ih.irai- 
terislic Its struc ture bee nines [irismatii , full of c r.u ks, often c edhilai 
and scoriae eons Wood and other.c umlnistibles tone lied by the lava 
are ednsiimeel or partiallv I'arbomscd laniestone assumes a gninuLir 
and erystallme testure Siliuous rocks .ire transtormed, not only 
into quart? like gkass, but they also eoinbine with v annus bases, and 
yield vitreous and cellular silicates It is nearly the same with 
argillaceous rocks, which adhere together, and lrei|iieiitly Uke the 
colour of red bru ks 

The surrounding rock is freciuenlly iiiii>re‘gn..ilecb with specular 
iron-ose, and penetr.ate*d with liydicMhloru or sulphuric acid, and by 
divers s.ilts formed from these ac ids 

At a cert.im distance from the jilace of contai t with the lava, the 
action of water aided by heat produces silica, cMbonate of lime, 
aragonite, zeolite, and v.iricjus other miner.xls 

i''r(J!n uiMiiecfialc contact with the lava, then, the mctainoqxhic 
^'^ks denote the action of a very strong heat They bear evident 
tnic;es of calcination, of softening, and even of fusioij 'When thc;y 
present themselves as hydrosilicates and carbonates, the sihe.i ana 
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{issoci!it(.d inincTiilb nru most frecjuenlly nt some distsiTice from die 
points of contact ^ and the formation of these minerals is probably 
due to the ( ombination of water and heat, although this last ceases to 
lie the prjiK ipal agent , 

'Ihe hjdralcd sohanic rocks, such as the basalts and trappean 
rocks in general, < ontinue to produce eflecU> of metamorphism, m 
whirh heat ojiorales, althougli its inthience* is inc onsiderable, water 
being much the more jioMerful agent 'I he nietamori>hosis which is 
obsenable in the strueture and inmeralogii al composition of neigh- 
bouring rocks is as follows -Jlie stniftiire of beparation becomes 
fragmentary, eolumnar, or manj-si<le<l, anil even ])rismatic It 
bes (lines esiiecially jirismatu in conibuslililes, in h.indstones, in aigil- 
kieeoiis fonnations, in felspalhic rotks, and even in limestones. 
J'risms are fomied perpendicular to the* siirfaic of contact, their 
length sonietiiiics e\t ceding six feet Most (ommonly they still 
1 (intam water 01 volatile matter 'I hesi < hara(te“r,f may be observed 
at the jiinitionof the basalts whii'h have been ejected upon the aigil- 
laccniis strata near Clermont in Auvet^jne, at Pohgnae, and m the 
lieMghbourhood of Le l’u)-on-\ ekij • 

If the- vein of lkis.ilt or 'I'rap lias traversed a bed of coal or of 
lignite, we find the (omhustihlc strongly mitn/mrp/iosed at the point 
of (ont.i( t Sometiine’S it becomes cellular and is changed into coke 
'I'liis IS esiies lally the < asc in the ( oal-lxism of Ilrassai But more 
freviuently tlie eoal has lost .ill, or jurl ol, Us bituminous and volatile 
matter- it has been metaiiioriilioscd into anthracite, as an example 
we ni.iy (jiinte the lignite of Mont .Meisner 

Again, in some execjitiunal cases, the combustible may even be 
i banged into graiihitc near to its junction with Trap This is 
obsiTved al the loal-mme of New Cumnock m Ayrshire 

^\l1e’n near Us junction with a tiappean rock, a combustible lias 
been inetamorjiliosed into lokt or anthracite, it is also frequently 
nnprcgnatcil by hy elrateel oxide of iron, by* i lay, foliated carbonate of 
lime, iron jiyntes, and by various mineral veins It may happen that 
the ( ombustible has been redue ed to a piilvenilcnt state, in w'hu h 
< ise It IS unfit for use Such is the case in a coal-mine at Newcastle, 
where the (,oal lies within thirty yards ol a dyke of I’rap 

When Basnjl^id Trap have liecn cjeiUed through limestone rock, 
the latter becomes more or less altered Near the points of| cofiftact, 
the metcimorjihism which they Iwvc undergone is revealed *bytthe 
(diangc of colour and aspect, which is exhibited all around thg vei’If 
often also by the development of a (nstnlline stniiture Limeston^ • 
bccpinei granular aqd saccharoid — it is changed into marble. The 
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most remarkable instance of this niotamornliism is the Carrara 
mirblc, a non-fossilifcroiis limestone ol the Oolite senes, which has 
been altered and the fossils destroyed , so that the marble of these 
celebrated quarnes, oik e stqiposed to Ikivc been formed before the 
ircalion of organa beings, is now shown to be an altered limestone of 
the OolitiC ])criod, aivl the uiwlcrlymg crystalline schists are sancl- 
stoims and shales of secondary age moditied by plutunu ac tion 

'riie action of basaltj iqion limestone is observable at Villencuve de 
Berg, in Aiisergnc, but still mure m the neighbourhood of Belfast, 
where Ave may sec the Chalk changed into saccharoul limestone near 
to Its contioct with the 'I'rap Sometimes the mctainorphism extends 
many feet fram the ])uint ot contact nay', more than that, some 
zeolites and other minerals seem to be developed in the crystallised 
Innesione 

.^^'hcn sandstone is found in contact w'lth trappean rock, it pre- 
sent'- unociiiivoc.iVtr.ices cjt metamoiplusm , it loses its reddish colour 
.and becomes white, grey, green, or black , parallel veins may be 
detoc loci which give it a jasifideoiis striictine it seiiaralcs into prisms 
perpendicular to the walls the injected veins, when it assiniies .1 
brilliant and vitreous lustre Soinetiiiu's it is even also toiind pene- 
trated by zeolites, a family of minerals whu li melt before tlie blowpipe 
with considerable ebullition 'I'hc mottled sandstones ol (iermany, 
which ..ire traversed by veins of lias^ilt, olten e\hibit metamnrphism, 
partKiilirly at Wildenstern, in Wuitcmberg 

Argillaceous roc ks, like, ill others, are siibjec t to mctanioriihismwhen 
they c oine in contact with erupluc trappc.an rot ks In these c ire mn- 
stanres they c hange < olour and assume* .i varied or jinsmatii striic - 
lure , .at the same time their lurdness mi reases, and they become 
lilhoid.'il or stony in structure 'Ihey may also become cellular — form 
zeolites m their caivities with foliated c.irbonale of lime, as well as 
minerals which commonly oc'cur in amygdaloid Sometimes even 
the fissures are coated by the meullic mini rals, and the other minerals 
which ac c omixiny them m their nietallifcrous beds Clencrally thi*y lose 
a paft of their water and of their carbonic ac id In other cinaimstances 
they combine with oxide of iron and the alkalies 'I his has been 
asserted, for example, at Lssey, in the department of the Mciirthc, 
whgre a very argillaceous sandstone is found, with jasper 

porcidlanite, iiegr to the junction of the rock with a rem of basalt 
Hitherto we h.ave sjioken only of the mctamor]>hosis the result of 
volcanic action A few words will suffice to .icquamt the reader with 
the metamorphism exercised by the porphyries and 'granites By 
contact with granite, we find coal changed in tc^ anthracite or graphite, 
a* 
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It is imporbiut til not ■, however, that coal has seldom been metamor- 
phosed into I oke As to the limestone, it is sometimes, as we have 
seen, transformed into marlilc, wc even find in its interior divers 
minerals, nofihl) silicates with a lalcarecnis base, suih as ga^ets 
pyroxeiK, hornblende, v\:i '1 he sandstones and clay-slates have 
alike hem altered ' 

'I'he surrounding dejiosit and the eruptive rock arc both freciuehtly 
ini[]rcgnatLil with <|iiart/, carbonate of liinj-, sul]ihatc of baryta, 
fluoride-., and, in a word, with the whole tiib^ of metalliferous minerals, 
whiih p’-esLiit themselves, besides, with the characteristics which are 
common to them in the veins 
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Seihmentarv ro( ks sometimes eshihit all the s3(mptoms of meta- 
inorphism where there is no ev idem e of direet eruptive action, and 
that upon .i si ale much grander than in* the case of contact meta- 
morjihism It is obsei-vablc over whol,. regions, m which it has 
modified and altered simultaneously all the* surrounding Tcx:ks 
'1 Ins state of things is called general or regional metamorphism. The 
runclamciital gneiss, which covers such a vast extent of country, is the 
must striking instanc e known of gene ral inetainorphibm It w^ first 
described bv bir U K 1 ogan, Director c>l the Canadian Geological 
Survey, who estimated its tiiickness at 30,000 feet 'i'hc laurentian 
(iiieiss is a term which is used by geologists to designate those irteta- 
morphu rocks which aie known to be older than the Cambrian 
system I hey aie p.irts of the old prc-Canibruin continents wliicli lie 
at the base of the gre.u \inencan continent, Sc,andinavia, the 
Hebrides, \c , and winch arc largely dcvelojied on the west coast 
of Scotland In onler to give the resider some idea of this metamor- 
phism, we shall endeavour to trace its effects in rocks of the same 
nature', indii ating the* 1 liarai lers succ essively presented by the rocks 
aceurding to the intensity of the inetamor|)hism to which they hav'e 
been siibjec ted 

Combustibles, vvhic h have a spec lal c omposition, totally different 
from all other nij^, are obviously the first objects of examination 
When we deseind in the senes of sc^liraentary deposits, the coijilius- 
tibles are observed cunijiletely to change their characters ■■ From tfie 
l>ial vvhieh is the prudiu t of our own epoch, we pass to Uj^ntte, to 
to ant/tuuik, aiyl even to gniphttCj and find that their density 
increases, v,iryiiig up to at least double. Hydrogen, nitrogen, and, 
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above all, oxygen, ilimmish r.iindly Volatile .incl bituminous matters 
dectejusc, wliilc carbon undergoes a proportionate increase 

Tins inctamorphism of tlie < omhiistible minerals, w hu h lakes place 
in dffiiosits of different .iges, may also be observed even in the same 
bed • Foi; instance, in the t oal formations of Ainenea, v\ hu h extend 
to tjie west of the Allfcghaiiy mountains, the (’oal measures contain a 
certain jiroportion ot volatile matter, vvnieh goes on diminishing in 
proportion as' we approat h the granite rocks , this jiroportion rises to 
dfty per < ent ujion the Ohio, but it falls to forty upon the Monon- 
gahcla, and even to sixteen m the Alloghames Finally, m the 
regions where the strata have been most disturbed, in Pennsylvania 
and Massachusetts, the coal has been iiictamorphosed into anthracite 
and even into grajihite or plumbago 

' Limestone is one of the rocks upon which ne can most easily 
follow the edects of general nietaninrphisni AV lien it has not been 
modilied, it is fksually found in sediment iry rocks in the state of 
compac't limestone, of coai^ie limestone, or of earthy limestone such 
as chalk But kt iis coiiskIct it in the niountaiiis, especially in 
mouT\tains which arc at the*s,ime tunc granitic, such as the Pyrenees, 
the Vosges, and the Mjis We shall then sec its characters com- 
pletely modified In llie long and deep vallejs of the Alps, tor 
cxaiTi]]le, we can follow' the .iTteratiuns of the limestone for many 
leagues, the beds losing more and more their regulanty in |)rupurlion 
as we approai h the central eluun, until they lose themselves in solitary 
pinnacles and projec^tions enclosed in ir)stnlline schists or granitic 
roeiss 'rowards the upper regidlis of the Alps the lunestoue divides 
Itself into pseudo-regular fragments, it is more strongly cemented, 
more compart, more sonorous . its colour bee omes ]).iler, and it 
passes from black to grey liy the gradual diviiiiiearani e ol orgamr 
and bituminous matter with which it has been imiircgnateci at the 
same time its ciystalline structure increases ui a manner scarcely 
perceptible It may even be observed to be metamorphosed into 
an_ aggregate of mieros<,opir < rystals, and finallv to pass mloawiiitc 
saceharoid limestone 

This metamorphism IS produced wit liout anv decomposition of the 
limestone , it has rather been softened and half mellecl by the heat, 
thftt IS, rendered plastic, so to speak, for we in It fossils still 
^U'clgAisal^Ie, and among theso, notably, some Ammeindes and Belcra- 
ll^nitcs, the presence of whieli enables us to state that it is the greyish- 
^lack Jurassic limestone, which has been transfbnpcd into white 
saceharoid or granular limestone If the limestone subjected to 
this transformation were perfectly pure, it> would simply, take a erjs- 
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tallinc stnictiire but it is generally iiiised with sand ind various 
argillaceouB matters, which have been deposited along with it, matters 
which go to form new iniiicrals, 'Phese new' minerals, however, are not 
disseminated by cliaiu o they develop tlioiiiselves in the direction of 
the lamination, so to speak, of the limestone, and in its fissures, in 
siHii .1 111 inner that they present theinselvcs iir nodules, seams, and 
somv limes m veins 

Among the prim ipal minerals of the sa« < hacoid limestone vve may 
mention gi ipliitc, quart/, some verv varieil silu ates, sm h as aiidalusite, 
disthene serpentine, Lih. garnet, angitt, hornblende, epidote, chlo- 
nte, the iiuc.ls, tin, fi.ls|)ais , linallj spinel. i onindiim, phosphate of 
lime, o\ide of iron .iml oligislc non ]i\ritos, I'ki Besides these, 
various nuncials in veins figure among those whiili e\isl more 
Lommoiil) m the sa(<h,iroi<l him stone 

When mctamorplm Utm_stoiu is sultu loivtlv pure, it is employed aa 
statuary mirhle hm h is the geologiral origin ot /kirrara marble, 
wliK h IS (|uarned in the Apuaii \lps on a great stale , sm h, also, was 
the marble of I’aros .iml Viitiixiros. still celebrated for its purity. 
On examiii.ilion, howevci, with the lens fiu C irrara marble esliibits 
blitkisli veins and spangles of graphite the tincsl blocks, alsd. fre- 
qiienlly tont.iiii nodules of ironstone, w hit h arc lined with perfectly 
linqiid < ry^tals of cju irt/ 'Phese a« c ideiital defet ts arc v cry annoying 
to the sculptor, for tlie> aie very ininute, and nothing on the o\tcrior 
ot the block betrijs tlicir esistenic. In the marble of Paros, even 
■when It IS strongly transhu eni, spi i k-, ol miLa are often lound In live 
ancient qn.iriies the ncidules .are soMiiinKious as to h.avo hindered 
their being worked, up even to the present time 

>Micn the mica winch oicairs ui granular limestone lakes a green 
colour and forms veins, it constitutes the Cipolin marble, which is 
found in C'orsu.i, and in the Val (lodcmar m the Alps Some white 
mcirbles .arc ciiiairied in brnme, chiefly at la)ubie, at Sost, .at Samt- 
Beat in the Pyrenees, and at Chippal in tlie Vosges In Great Britain 
and especially irf frelind there arc luimcroiis c|iiarncs of marble, 
veined and coloured of every Inu-, hm none of a purity suit.ablJ 
for the iinest st.itu.iry purposes \U these marbles ire only meta- 
morphosed limestones ' 

The white m.i|^/s employed almost all over the world are th<?se 
of Carrara Ihcy result from the mclomoriihis-m of limestone -of the 
laas Ihcy luve not been iienctreted bv the eruptive rocks bift 
dicy have bedij subjected upon a great scale to a g^eral meUmo? 
phism, to which their crystalline structure may Ivo attributed ’ 

It IS ea.silv understood that the calcareous strata have not under- 
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gone such .in energetic met uiKjrphu.ni nithoiit the* beds of s^indstone 
and clay, associated with thciii, basing also iindcigone some modi- 
fioition of the same kind 'I he silirious beds .iccom|i.inviiig the 
saccliaroid limestone base, in short, a (luractci of their own 'J hey 
are Armed of small grams ot trans]).ircnl tjuart/ more or less cemented 
one if) thf other m a manner strong!} resembling those of the sai - 
rh.aroid limestone ‘ lletMecii these* grams are iisiiallj de\elopc*el 
some lamella: of nm a oi brilliant and silk} lustre, of whu h the colour 
IS white, red, or green*, m a word, it has produced a t/iui/lzili .Some 
\cms of (juart^ treiiiientl} traserse this nuarl/ile m all direi turns 
Inilejieiident of the mu.i. it may contain, besidis, the dillerent 
nimer.ils alre.id} mentioned as occurring in the Imiestone, and ]iar- 
tu iiUrl} silicates- such .is disthcnc. andaliisiie st.iiirolitc, g.irnct, .md 
hornblende 

• 'The argilku eons beds ]ireseiit a sciies ol melamorphisins analogous 
td the preicdmg ^\c can follow them readib through all their 
gradations whei^we direct our attention towards such granitic masses 
as those winch constitute ilje Alps, P}rcnets, the Ihetagne Moimtams, 
or the Scottish C/rampians ^'I'he* schists may perhaps l>e considered the 
first ^tep towards the mctamorphisiii ol « erlain argilkiecous rocks , in 
fact, the sehistsare not siiseeptiblc ot mixing with water like i Ln liny 
beeome stom, and acquire a much greater dcnsu\, but their ilnct 
charactcristu is a foliated structure 

l'^pe^lment pro\es that when we sub|e« t a substance to .1 great 
prc'isiire a foliated slnulure is produced 111 a direction perpendu iikir 
to that in which the jiressure is exeieised Iseercthing le.ids us, 
therefore, to beliewe that presume is the imiieiiial cause of the 
schistoze texture, and of the loliation of el.ix -slates the most char.w- 
tenstu x.irietc of x\huh is the rooting-slale xvliuh is quarried so 
extcuisneh m North Wales, m Cumberland, andxarioiis jiaris of be ot- 
land 111 the* Ilntish Tskamls , in the Ardennes and m the neigh- 
bourhood of Angers, 111 I'raiue* 

In some localities the slate liecoines „ilicious .md is charged with 
cr\,&tals ol felsjur Nevertheless, it still iireseiits’ Use It m parallel 
beeJs, .ind eonUms the same* fossil remains still in a rec ognisable st.it' 
I'or example, in the neighbourhooel ol 'I'liann, in the \ osges, certain 
vegetable imprints are ]>e*rfeetly presen e*d in the metamorphie schist, 
and in their midst are de\ eloped some c r) stals cs 'V'lspar 

Mu a-sehist, whuh is tunned of kiyers of qu.irt/ .md mica, is 
tound haliilually .issoc lateil with rocks whu h have taken a cnst.ilhne 
structure, proceeding e\identl> from an energetic ‘ mvlamorphism of 
beds originally aTgillaeeuiis. Chiastulite, disthene, staurolite, horn 
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IiIlikIo, .ind utlur mincniK are fomul iii it Miia-schisH occur 
c^tLiisuLly in Hnitjji}, in the \osgcs, in the J’) fences Jn all cases, 
.IS ^ve a{)|>ro<ii li the, masses of {'ninite, in these rcj'ions, the crystalline 
slnictiire beiomes more and more marked 

In dLScnhinf; the \.nrioiis fiitsiciating to the metamorphnrm of 
rocks, we ha\e s.ud little of the uiuses which have produced it The 
<.uiscs arc, indeed, in the region of h)poriicsis, and ‘ somewhat 
m)stcrioiis 

Jn what concerns special metamorjiliisni, tlje cause is supposed to 
admit of easy csplaiiatiun — it is heal When .1 rock is ejected from 
the interior of the e.iTth in a state of igneous fusion, we lomjirehend 
readily enough lh.it the strata, which it traverses, should sustain alteia- 
lionsdiie to the 'UlliKiue ofhe.il, anil v.iivingwith its intensity 'J'his 
Is clear enough in the c.ise u( /</?</ On the other hand, .as water 
.ilw.iis exists 111 llie iiitc'rior ot the eartli s mist, and as fins water 
must lie at .1 veiv high teinporatiiie 111 the neighhoiirhood of volcanic 
•■ires, It contriliuUs no douhl, largely to the metamorjihisrn If the 
rocks h.vve not been ejvc led in a sUtc of lusicm it is evidently w'ater, 
with thedillercnt mineral siihstanus it licilils in snliition, which is the 
chief actor in the sjiecial nu t.iiiiorphisin Much is produced 

In general mekimorphism, water appc.irs still to be the prilitipal 
agent As it is inliltcred through the v.inous beds it will modify 
IhoiT comjioMlion, citlur b} diss«1\iiiir certain snbbUinceb^ or by intro- 
clue mg into the meUlhlerous cU'jkisus certain new substaneesi such 
binning, even under our eyes, m mineral springs. 
Jills has tended to render tlic scdniientarv elejiosits jilastic, and lias 
penintte'd llie develupineiU of tli it #rvst.illine stnietiirc, which is one 
of the ]iriiiiipil < li.ii.u teristies of nietamor|>hii rocks 'I’his action 
las been simniUd bv other causes, iiol.ibly In heal and pressure, 
vv iKhwuiilcl have an iinmeitse increase ot jiower .vnd energy when 
mel.iinorphisni takes pl.ico at a great depth beneath the surface Dr 
Mcil, III an able jmier descriptive ol the geology of the M.nUern 
HilN, read lielore the Geologic .il .SocieJv 111 I-ebriuiry, i.S6c adopts 
this hjpcjtliesis .Ke'vplamtory ol the vast phenomena vvlueh are* there 
I spajea tu's^nbing ilie ]>ositu>n of tins intorcstinir alid 

s range vmuigkd r.inge of renks, he adds “'Iheso mctamurphie 

-in'l on«n in a position 
, ‘ ^ *' ‘hstiirb.nic e and ine‘tanior|)hism, their bcvig 

e ec n gr.tmtic veins, and still later their invasion liyglrap- 
djkcs .nnd their siibser|iient elevation above the sea-level, were A , 

So.n'\r ' o“MI«ed no me Oiisidcrable period, even 

,eolotieal time .1 presume.’ he adds, “that it will not be mairi- ■ 
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tamed in the present day that the mt.tanior])hism of rocks over areas 
of any but very moderate extent is <hie to the intrusion of veins and 
erupted masses 'I'he msufhi icncy of such agem } becomes the more 
obvmus when we consider the slight effects produced by even tolerably 
extensive outbursts such as the Dartmoor granite, while in the case 
of the Malvems there is an absence of any local cause whatever 
The more probable explanation m the case of these larger areas is, 
that they were faulted clown, or otherwise depressed, so as to be 
brought within the induenee of the earths internal luat, and this is 
the niore likely as they belong to an epoch when the ciust is believed 
to have been thinner " W hen it is considered that, ai ( ording to t)u 
doctrine of modern ge'ologv, the 1 aurenlian rocks, or their niiiiva 
lents, lie at the base of all the scdiinent.irv de]>osils . that this, like 
other systems of stratified rocks, vv.is deposited in the form of 
's^nd, mud, and clav, to the thickness ot 30,000 feet, and that 
over an area embracing Sc aiidinavia, the Hebrides, great part of 
Scotland, and l^ngland as far soutb as the Malvenis, besides a large 
proportion of the Americoxi continent, with cert.un tonus ot animal 
life, as recent investigaticyis demonstrate — can the mind of man 
realise any other cause by v.hich this vast extent of metainorpliism 
could have been produceeP 

Klectric and galvanic currents, c ire iilatiiig m the* stratificxl crust 
are not tcj be overlooked 'I'hc experiments of Mr R W I'ox and 
Mr koberl Hunt suggest that, in |Mssmg loiig-ccmtinucd galvanic 
currents through masses of muisUncd clay, there is a tendency to 
produce cleavage and a senii crystalline arrangement ot the panic ks 
uf matter, though pressure has iimiiiestionably had the le.iding part 
in producing this structure in rocks Recent observafons by Mcs>,rs 
Peach and Horne show that the highly faiiKcd and metamorpliciscd 
rocks of the North-Western Scottish Highlands have been so power- 
fully affected by vast earth nicivemcnt'i Uiat the strat.i liiive been imt 
only folded back, but the folds h<ivc yielded, “and great ni.isses ol 
\rcha;an ami Cambrian roc ks have been thrust, hori/oiitally over 
tvlunan strata ” '1 he result has been that the original chaiactcrof 

the rocks has been more or less completely obliterited 'I his wo 
also see in the ytrihtean roiks at the kise of the Pakeo/oic series 
They are composed of gneis>-es, schists, &c., t^ duet of winch are 
the Laurentian and Huronun rcjcks of Canadiiy \ which is found a 
gi^ntic /oralninfer, the HoziniHy or Dawn ot Tafc ‘animal, •though 
Its structure is so metamorphosecJ as to have led to a clciiibt whether 
.ft IS not simply a crystallisation or aggregation of biiueral matter 
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THE BEGINNING 

'i’Hi' iheoiy which lias heen de\ eloped, and which ronsulers the 
earth as au c\tinct sun, as a star < oolcd dow n from Us orii;inal heated 
Londition, ns a nebula, or luminous cloud, w hull has passed from 
the Ktiseous to the solid state -this line conception, which unites so 
brilliantly the kindred sciences of astronomy and geology, belongs 
to tile T'rciic li niatbcinalinan, I^plare, the immortal author of tnc 
“^Ic'caimiue ('ckstc,” though in many ]>omls he w 4 s anticip<ited by 
Kant 

The hypothesis ot Laplue issigns to tlie sun and to all IhxIics 
w'hiih gravitate iii what DistarUs ialls*’hts touibilhu a vommon 
origin “ In the priniitm state in which we iiuisl suppose the sun to 
be” he sa\s, ‘Mt reseiiiblc.s one ol those ncbiil.e wliiih (he tele. scope 
reveals to its, consisting ut a iiion. or less brilliant central niuleus, 
siirrouncli.d by luniiiioiis clouds, wlmh clouds, condensing at the 
.surface, become tr.mstuniicd into a stai ' 

It has been calculated that (he centre c>t the e.irlh has a 
temiier.iture ot about icjjooo'’ (.'em a degree of heal which 
surpasses all tint the itiiagnuKicm can ceiiiieive AVeeaii have no 
dilhcultv III adniitling that at a heal sc> excessive, all the siibstanc'es 
which now enter into tile compositiuii ol ilie globe’ would be 
reduced to tnc slate ot gis or vapour Oiir planet, then, iniist 
have been cingmall) .lu aggregvUKin ol aeiilorm fliiicls-- a mass of 
matter entirely gaseous, and it we* relic tV that subsl'nees in theii 
gaseous state ocetijn a volume eighteen hundred times larger than 
when solid, wc shall have seinie luiicijaion oi the enormous volume 
ot this gaseous mass It would be .is large .is the sun, winch is 
fourteen hundred thoiis.ind times l.irgei tli.in the leirestii.il spheie 
In I'lg 12 wc liavyrttjElenipted lo give an idea ol the vast dilTerencc pf 
volume betwecii'llie earth in its i>rc-NeiU solid state; and TiVifi 
]irmiitive gaseous coiiclition One oi the glohcs, \, uj»rosenls (he 
former, B the latter It ]•, siiiijtly a comparison of si/c, winch is made 
lliw more’' strikingly a)»jurcnt by means ol these geonielrie af figures— 
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one the twentieth jiart of an inch in diameter, the other two inches 
and three quarters 

At this excessive temperature the gaseous mass, which w'C have 
described, would shine in space as the sun does at the present day , 
and witfi the same brilliancy as that with which, to our e}es, the fixed 
stars and planets shine m the serenity ot night, as represented on the 



opposite page (Plate VI) Ctw ulating round the sun in obedicnc e 
to the laws of universal gravitation, this mcam^Vl^cnt gaseous 
mass Va^ necessarily regulated by the laws w'hicn ^vem other 
matti'ial Substances As it got cooler it gradually transferred jiart of 
tiS warmth to the glacial regions of the inter-planetary .spaces, in the 
of which it traced the line of its flaming orbit Conl^eqiient on 
its continual cooling (but at the end of a period of time of whic h it 
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A\oiil(] 1)C imposbiblc, L\on approxiinaluly, to fiv tlie duration), the 
st.ir, onj'inall) gaseous would attiiin a lii^uid state It would then 
lie ( onsiderably diminished in \oluiuc 

'I'lie law's of mei hanies leach us that liquid bodies, wljpn ui a . 
state of rotation, ,issiiinc a sphcntal form , it is one of the laws of 
iluir being, and is due to the force of atlracliun Thus th’c Earth 
lakes the sjiheroidal form, belonging to it, in Lommun with the 
greater number oi the celestial bodies. , 

'I'lie birth IS subject to two distinct moi einc tits namely, amove-^ 
iiient «>l translation roaiiil the siin, and a nio\ enicnt of rotation bn 
Us own a\is — the latlir a uniform niusciiicnt, which produces the 
regular altcriiaiions of da\s and nights Mechanics ha\e also esta-- 
blished the fai t, wlii< h is « oiilirnied b\ cvpenincnt, that a fluid mass 
m motion produces (as the result of the lariatioii of the ccntnfugal 
foicc on ils different diameters), a swelling towards the equaforial 
diameter ot the sjihere, .iiui a tlatteiiing at the ^loles or estremitics 
of Us a\is It is III ( onscqueiice of this law, that the Earth, w'hcn it 
was in a lupiul stale, iKiame swollen *al llic equator, artd depressecTat 
Its two jioles and that it lias i)assLd*rori Us prmiilue sjihene il fonn 
to the spheroidal — that is, has beioiiie llalleiied at cath of its polar 
cstreniities, and has assumed its present sliajie ol an oblate spheroid 
'I'liis bulging at the eipiator ami llattuiing towards the poles 
afford the most diiest prouls that <an be adduced of the ongin.il 
lii|Uid stale ol our jilaiiet \ solul aiul non clastie sphere — a stone 
lull, tor c‘\aiii|)le iiiiglil liirn loi ages upon Us .ims, .mil its ioriii 
would sustain no « lunge , but ,i fluid ball, oi one of a pasty coii- 
sistcnic, would swell out towards the imdillc, and, m ihc sanic jjru- 
poiliun, become IkUiciicd at the estrcinilies of Us .i\is II was upon 
this prim I pie, nimeb, b\ .idnutting the primitne fluidity of the' 
globe, that Newton .iiiiiuiuic ed ii puon the bulging of the globe 'at 
the etiiulor and its fl.Uleiimg at the jioles, and he eieii calculated 
the aiiKumt ol this dciiressioii 'Ihc aitiul nieasiirciiieiit, both of 
this espaiisirtii and flattening li\ Maupirliiis, Clanault, Camus, and* 

I cmonmti 111 1736, j)ro\cd how cvn i the 1 ah ulalioiis ol llie great 
gcoiuclrK an w cic I'liose gciulciiicii. lugcihci w ith the \bbc Outhier, 
were seiii into I apUind b\ the Acadini} of buenies, the Swedish 
astronomer, W^sms, ai c onqianied them, and furnished them w ith 
the best insrfumeiils ftir measuring and sursej ing At the san¥e tune , 
tile Veademy sent ISougiier and C'indamme to the equatorial ruj^icOis 
ol South Viiivrna The nieMsureiiients taken in both these 
esuiblished the iMsleiue of the ec]iiatanal e‘\|>ansiou and the«pcij^ 
depresiioii as Newjlon had estimated it to be in h's call illations. 
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O'wcessnc hfat, the prcssiin* ihil it nntild cm it on tlic lailh would 
lie inhnitoly greater than that whuh it cxcruscs at the pusent lime 
'Po the gases whah toim tlit cumponent jjarls of the picseiU 
atmosphAic air — natmlj, nitrogui. o\\gin, and (arlionu and— to 
enormous niabscs of watery \aponr must lie added vast (|iianlittes of 
mineral sulistantcs, metalhi or i ai tin, ti duct'd to a gisioiis state, 
and iTumtaincd in that state 1>\ the tcniptratnre of this gigantu 
furnace. The metals, the chlorides — mctallu, alkaline, and earthy — 
sulphur, the sulphidcb, and e\cn the silicates of alninina and liuie , 
all, at jlhis teniiierature, would exist #in a \apoious form in the atmo 
sphere surrounding the priniUne globe 

It IS to be inferred thal, under these t irr umstam es, the elitlerent 
substances composing this aiinosplierc would be ranged round the 
globe in the order of their resjiectue densities , the tirst layei — that 
nearest to the surface of the globe — being iormeil of the he.iMer 
tapours, siuh as those of the metals, of iron, plalmiim, and copper, 
mixed doubtless with cloiijls of tine mctallu dust jirofliu ed li) the 
liartial* condensation of their vapours 'I Ins first and heaviest /cme, 
and the thickest also, would be cpiite oiiaijiie', .ilthoiigh the surface of 
the earth was still at a red heat \bovc it woiilel come the more 
tapor^blc substances, such as the metallic and a'i»»hne c hlorules, 
particnbil^ the chloricle of sodium or eoniiuon salt,'Mrlphiir aiiel 
pbo^horus, w^th all the volatile combinations of these substinees 
The upper zone would contain matter still more easily converted into 
Ica^iohr such as water (steam), together with others naturally gaseous, 
Is oxygen, nitrogen, and carbonic acid This prdfir of superjiosition, 
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however, TkOuUl not alwajs he preserved In spite of their differences 
of density, these three atmospheric layers would often become mixed, 
producing formidable storms and violent ebullitions , frequently 
throwing down, rending, upheaving, and confounding these incon- 
descent /ones 

As to the globe itself, mthoiit being so much agitated as its hot 
and shifting atmosphere, it would be no less subject to perpetual 
tempests, oicasioned by the thousand chemical ai lions which took, 
place in its molten mass t)n the other hand, the clcctncity resulting^ 
from ^Iiese powerful iliemual actions, operating on such a vast sealw 
would nitliite trightfiil elettru detonations, thunder adding to the 
horror of this primitive scene, which no imagination, no human 
pencil could trace, and which constitutes that gloomy and dis- 
astrous chaos of which the legendarj history of every ancient 
Kwe has transmitted the tr.idition In this manner would our globe 
emulate in spa<e, carrjiiig in its Irain the llarung streaks of its 
multiple atmosphere, unfitted, as yet, for living beings, ard impene- 
trable to the ra\s of the sun, around which it described Us vast 
orbit ' 


The temperature of the planetary regions is infinitely low 
according to liapKuc it lannnl be estim.ited at less than loo® 
below zero The glacial regions traversed in its course by the 
UKandcscent globe would neccss,mly cool it, at first superficially, 
W'hen It would assume a pasty consistence It must not be forgotten 
that the earth, on account of its liquid state, would be obedient in all 
Us mass to the action of flux aud reflux, which proceeds fron the 
aitraclion of the sun and moon, but to which the sea alone is now 
subject This action, to which all its luiuid and movable particles 
were subject, would singularly accelerate the commencement of the 
sohdiflcMtion of the terrestruil mass It would thus gr,'idiially assume 
that sort of consistence which iron attains, when it is first withdrawn 
from the furnace, in the jiroccss of puddling 

As the earth cooled, beds of cone rete substances would neces- 
sarily be lorined, which, floating at first in isolated masses on the 
surfac e of the semi-fliiid matter, woiilcl m course of time come 
together, consolidate, and form continuous banks , just as we see 
witli the ice /r*>thc present Polar Seas, which, when brought in 
contact by the agitation ol the waves, coalesces and forms see fields, 
more or less movable By extending this phenomenon' to the whole 
surface of the gIolx\ the solidification of its entire surface would be' 
pixiduced. A scilid, but still thin and fragile crust, would thus ' 
envelop the whole earth, enclosing entirely its still fluid interior 
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borne out by a. great number of ine.isiircmcnlb that have been made 
in many of the mines of Prance, in the tin mines of Cornwall, in 
the mines of the P.r/gebirgc, of the I'ral, of hcotland, and, above all, 
in the soundings elfeited in the Artesian wells of (Irenelle and 
Fassy, near Fans, of St Andre de Tregny, and at a great number ot 
other ixnnts 

'I'he greatest depth to wlnrh miners have liitherto penetrated is 
(chiefly in rock salt) at Sperenberg, nejir Ilerlin At Mondert, 
I^uxcmbourg, and at Ncusalwcrk, Fnissia, borings have been carried^ 
to the depths of 3,190 and 2,490 feet respccluely 'I'lv Ashton 
Main «olliery, the dccjicst mine in (Ireat Britain, is 2,692 feet from 
the siirflice, and at ilainault, licigium, a pit has been sunk as far 
down as 3,411 feet At Monkwearmoutli, ( 0.1I is ivoikcd at 1,850 
feet, and at Fottssille, Fcnns)lvani.i, at 1,700 flei 

In adniitting tli.it tins l.iw <»l teniperalure esists lor all dojiths of the 
earth's tnist, we anne ai the (oiichision that, at a depth of Irom 
t\VLnt>-fi\c to ihiitv-tne miles wlmh is only about fi\e times the 
hcighlof thcluglitsl mmiiilains the inbst u fr.u toi) matterwoiild hem 
a stale of fusion \(< ordmgto M MiU.tlicrlu Igllie 11 imeof hjdrogen, 
burning in Ircc air aM|iurt.s a Um]Hi.Uuu ol 1.560^’ (.ciUigrade In 
this ll.imo platinum would he m ,1 suite ot fusion (ir.iuile melts at a 
lower tcnipeniture tli.in soli nun tli.it is at dioiil i 300“, while siher 
melts.ii 1,023'' In imagining an in« u. I St ol temptialure eipial loone 
degree for e\er\ huiitinti ktl ol desunl, live temperature at twentj- 
five miles will be i,t2o'’ ( 01 2 112;'’ K . thiity miles below the sur- 

face there will he a jnoh.ihle teiigieraliiie ol 1 584“ C or 3,63^0*' F , 
It lollows, il these arguiiu nts lie admitlotl, .mil the rale til, Uion (oirect, 
that the tliukness ol ilie solid 1 nist ol llie globe does not iniiih 
e\i eed ihirtj miles 

'I his rcsiill. wlmii gives to tht te'iresliial crust a thickness equal 
to „ of the earth's diameter h.is nothing, it is true, ot absolute 
certainty 

l>r Wilhhm Hopkins, an eminent mathematician, has much 
insisted upon the f.ict that the condiic iibiliiy of granite rocks for heat 
IS much greater than tliat of sodinieiiUiry roi ks , and he .irgiics that 111 
the lower stratum ol the earth the* tempcmfire increases much more 
slowly than it*dfics nearer the surface 'I his consideration has led 
Dr Ilopkms to estimate the prolia'olc thickness of the eat^^li’s solid 
crust at a minimum ot 800 miles 

In support of this estimate Dr Hopkins puts forward anoth^' 
argument, based upon the prccc?,bion of the etjiiinoxes. We knew* 
that the terrestrial a\is, instead of alwa}:, preserving the same direction 
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in sj^ace, revolves in .i <.one round tlie pole of the ecliptic Our 
globe, it IS calculated, uill accomplish its revolution in about 23.000 
jcars In about this period it will return to its original ])osition 
'I'liis lijlani ing, vvhuh has been coinixired to th.-it of a top w hen about 
to cease spinning, produces the movement known as the preassion of 
the eqiuiioxd It is due to the attraction vv Inch the sun and moon 
e\emsc upon the swelling equatorial of the globe This attraction 
would .act very differentl} upon a globe entirely solid, and upon one 
with a liquid interior, lovered bj a loinparativcly thin iriist Dr 
Hopkins subjected tins curious jiroblem to mathematical analysis, 
and he calc'ulatocl that the ])re<ession of the ccjumoses, observed by 
astronomers, could onlv be c\]>1ained by admitting that the solid 
shell of the earth could nut be less than from .iboiit Koo to 1,000 
miles in thic kness 

In his researches on the tiguhtyof Uu m/th^ .Sir AVilli.im Thomson 
finds that the plienpinena ot precession and nutation rLipiire that the 
earth, if not solid to the tore, must be nearlj sr , and that no con- 
tinuous liquid vesicle at .ill a^prcxuliing 6,000 miles m diameter can 
possibly exist in the eartn’s iiVAirior, without rtndenng the phenomena 
111 ciuestvoii very sensilih dirtcrent from what they arc 

(Jeorge Darwin’s researches on tid.il attraction confirm the theory 
of Thomson, though, on the other hand, those of Hennessey are in 
direct opposition to it, which Fisher compromises by siip|)osing a 
liquid magma to exist between the crust and the solid nucleus, whicJi 
IS the lava scjueeze^l out when the c rust contracts "^1 he old view is, 
howeyer, the more generally adopted one Admitting, therefore, the 
existence of a rind about 30 miles thick, if vve imagine the earth to be 
an orange a tolerably thick sheet of paper applicil to its surface will 
then represent, apiiroximately, the thickness of the solid imst which 
now envelopes the globe Fig 13 will enable us to apprec'iate this fact 
, still more correctly The terrestrial s^ihere liaving a mL.nn ili.imctcr 
of 7,ijt2 miles, or a mean radius of 3,936 miles, and a solid c mst 
about thirty miles thick, which is ol the cliametLr, or of 
the rddiiis, the engraving maybe presumed to rijinscnt theso pro- 
portions with sudlcient accurac v 

'I'o determine, even approximate! v, the linu such a vast body 
woiiM take in cooling, so as to iKimit of the fo’^veition of a solid 
crust, gr to fix the duration of the transformation^ which wc are 
‘deicnbing, would be an impossible task 
. 'I he first terrestrial cnist formed, as incliiated, wxaild be incapable 
pf resisting the w.aves of the ocean of internal fire,, vvliiih would 
be depressed and raised up at Us daily lliix and rctlux m olie- 
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(lienre to the ilti.Klioii ot the <.1111 iiiitl moon \VIio can trace, 
in imagination, tlic fearful rcndings. ilic gigantii iniimlations, 
whiili uoiilii result from these mo\cments' Who woiikl dare to 
paint llie siihlinie horrors ol these first m\sti.rioti^ 1 on\iilsion<^.(>f the 
globe ' Amid torrents of molten matter, mised with gases, upheav- 
ing and pien mg the sLarieh consolidated ( riist, l.uge crdvicos would 
be opened, and iliroiigli these gaping tratks naves of liquid granite 



would lie ejected, and then kU to mol and lonsohdare on the 
siirfate I-ig ij repn suits the tormuion ol a primitive granitic 
moimt.iin, In the eiuption ot the intLiiial granitic matter which forces 
Its nav to tile surl.u e through a fr.icUire m the c i ust In some of these 
niouiuams, IJen ^ is lor evimpk, three dirterent stages of the eratition 
can |ie tnu «!■ - Ik n N e\ is, now tiie imduiil ited monarch of the a^ottish 
mountains, saysNu hoi, sliows wtU the diverse age and* relaliontf-ot" 
igneous ro( ks .J’hi (rreat .Moor Irom Inverloihy and Fort William' 
to the foot (vf III*.’ hill IS gneiss Breaking through, and iiartly rcstftigv 
on the gneiss is gramme, Ipmimg the low or Iwo-tlnrds of the mountain 
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up to the small tam on the shoulder of the hill Hip^hcr still is the 
hiia'e pn**™ of porphyry, rising steep and nigged all around” In 
this manner would the first mountains be fonned In this wai , also, 
might some metallic \eins be ejected through the smaller o]}eninus, 
true injections of eruptne matter produced from the mtenor of the 
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globe, traversing the primitive rocks and tonstitiiting the precious 
depository of metals, such as ( upper, /mi, antimony, and lead Fig 
15 represents the internal slnicture of some of tlitv* inetilhc veins 
In thi'5,.case the fracture is onlj a lissure in the ro?k, ■which soon 
beLamc filled with injected matter, often of different kinds, whic h 
in crystallising would completely fill the hollow of this cleft, or crai k , 
•iJul sometimes forming cavities or geodes as a result of the contraction 
of the mass 
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But some eruptions of granitic and other substances, ejected from 
the interior, never reach the surface at all In such cases the clefts 
and crevices —longitudinal or oblique — are filled, but the fissures 
in the crust do not theinsoUes extend to the surface Fig i 6 represents 
an eruption of granite through a mass of sedimentary rock — the 
granite ejected from the centre fills all the t lefts and fractures, but it 
has not been siiflinently powerful to force its way to the surface 

On the surfaie of the earth, then, sxhuh. would be at first smooth 
and unbroken, there were formed, from the very beginning, swelling * 
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eminences, hollows, foldings, comigations, and < revues, which would 
niatenally alter its ongiiial aspect, its .and and burning surface 
bristled with nigged protuberances, or was traversed by enormous 
fissures and « racks Nevertheless as the globe (ontinued to tool, a 
time .arrived when its temperature beiame insufiicient to maintain, m 
a state of \ a pour, the vast masses of water which floated in the 
atniosplierc Tk%iie vapours would jiass into the litjuid state, and 
then the first irfin fell upon the earth Let us here remark t|)iat these 
were veritable rams of boiling water . for m consequence of the wary 
considerable pru^siirc of the atmosphere, water would bo condensed 
and become* liquid at a temperature much above ioo° Centigrade 
(212® Far.) 






THE BEGINNING $5 

The first drop of watw, which fell upon the still heated terrestrial 
sphere, marked a new period in its evolution — a penod the mechanical 
and chemical effects of which it is important to analyse The contact 
of the condensed water with the consolidated surface of the globe 
opens^p a senes of modifications of which science may undertake the 
examinatioPi with a degree of confidence, or at least with more 
positu e elements of appreciation than any we possess for the period 
of chaos , some of the features of which we have attempted to repre- 
sent, leaving of necessity much to the imagination, and for the reader 
to interpret after his own fashion 

The first uater which fell, in the liciuul stale, upon the slightly 
cooled surface of the earth would he rapidly converted into steam 
by the elevation of its temperature Thus, rendered much lighter 
than the surrounding atmospheic, these vapours would nse to the 
uliiiost limits of the atmosphere, where they would become con- 
dciis'ed afresh, in consequence of their radiation towards the glacial 
regions of space , 2:oiidensing again, they w'Oiild re-dcsccnd to tlie 
cartli in a liquid state, to rc-ascend as vapour and fall in a state of 
condensation But all these changes, in the physical condition of the 
water, could only be maintained by witlidraw'ing a very considerable 
amount of heat from the surface of the globe, whose cooling would 
be greatly hastened by these continual alternations of heat and cold , 
Its heat would thus become gradually dissqiated and lost in the 
regions of celestial space 

This phenomenon extending itself by degrees to the whole mass 
of watery vapour existing in the atmosphere, the waters covered the 
eaith in increasing (luanlities , ana as the conversion of all liquids 
into vapour is provocative of a notable disengagement of electricity, 
a vast quantity of electric fluid necessarily resulted from the con< 
version of such laige masses of water into vapour Bursts of thunder 
and bright flashes of lightning were tlie necessary accompaniments 
of this extraordinary struggle of the elements — a slate of things 
which M. Maurando has attempted to represent on the opposite 
page (Plate VII.). 

Hqw long did this struggle for supremacy between fire and water, 
with the incessant noise of thunder, couliiiiic? All that can be 
said m reply is, that a time came when water was ti;(umphanL After 
havirg covered vast areas on the surface of the ejith, it finally 
occupied- and entirely covered the whole surface , for there is good 
reason to believe that at a certain epoch, at the commencement, so to 
speak, of it^ evolution, tlie earth was covered by water over its whole 
dxtent The ocean was universal From this moment our globe 
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entered on a icgular senes of revolutions, intemiiited only by the 
outbreaks of the internal fires which were concealed beneath its still 
iinpcrlci lly consolidated (rust 

“ At the carl> periods in which the materials of the am lent (^'Stal- 
linc schists were ac< iimulated, it cannot be doubted that the (Tiemical 
proi esses which generated silicates were miuh more .u tn e ‘than in 
more recent limes '1 he heat of the earth s t rust was probably then 
far greater than .it [ire^ciit, while a high tc miienitiire prevailed at 
(.omixirativi ly ■-■'lall depths, and thennal watlrs abounded A denser., 
atmosphere, cnarged with larlionic a< id gas, must also have lor- 
tributcd to mnint.iin, at the earths siirfac e. a greater degree of heat, 
though one not inc oinpatilile with the evistcnce of org.inic life 

“ I hese conditions must have lavoured many ihomical processes, 
which in Liter times have nc.irly teased to operate Hence we 
find that subseciuently to tli.. to/oic times, sihcated rocks of clenrly 
marked chemical origin are c omiuratively rare ”* 

In order to compiehciid tlie coniplev action, now mechanical, 
now chemical, wliicli tlie waters, still <111 a heated state, cvercisedon 
the solid cnist, let us coiisidci what weye the c'oinponcnts of this crust 
'I'he rocks wliic h loriiiccl Us first ifia/nm the lianiework of liic earth, 
the foiiiuhtion upon which all others repose may be presumed to 
luve Iieen a compound which in varv'ing proportions, forms grauile 
and gneiss, and li.is bitterly been dcsignateci by geologists l,aurentian 
What Is this gneiss, tins granite. s]>eaking of it witli reference to 
Us mmcralogical character^ It is a combination of silicates, with a 
base of almiiina, pot,Lsli, soda, and sometimes lime- i/mv fz, /e/\/>ar, 
and mini torin, by their simple* aggregation, i^himte it is riuis a 
ternary c oinbmatiun, or c (iiii[ioscd of three inincraN 

Qinii/z, the most abundant of all minerals, is silica more or less 
pure and often crystallised PeHpar is a cryskillinc or crystallised 
mineral, ioiii]}osed of si/mi/t of .'iliimma, potash, soda, or lime, 
IHitash-fclsix-ir is called oit/ioihut^ soda fcls|)ar albih^ lime fclsyiar 
anoithilc Mini is a silu ate of alumina and potash, coiUaming mag- , 
ncsia and ovidc of iron , it takes Us name from the J atm nmnu, to 
bhiiic c>r glitter 

f/Verw/t’ (from the Ilali,m gni/HK bung granular m its structure) 
IS, then, a comyc^md roc k, formed of fclsywr, cpiart/, and mica, anci 
the three couAitiient minerals arc more or lesb crystalline G/Urtss is 
a schistose variety of granite, and composed of the siyne tfiineiab . 

• " Ad(lrt>>. U> llic VmeriLan A'isocinticm fur tin* Ailvaiiccmeiit of bciviiLts ■ y • 
Thornes Slerry limit, I 1 .l>, p 56 1871 
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the only diflercnce between the two rocks (whate\cr may be their 
(liflerenc'c of origin) being that the < onstitiient minerals, instead of 
being ronfiisedly aggregated, as in granite, assume a toliated texture in 
tineis ^ rills foliated structure* leads sometimes to gneiss being tailed 
iintlffltit gnt/nh “ The teim gneiss onginated with the I'reilie'ig 
miners, who from am lent times have used it to designate the ux k in 
which their veins at sil\er-ore weie found' * 

1 he tilspiir, whiili enters into the < omposiiion oi prmite, is a 
iiiincrai that is easily iletomposexl by watir tillier cold or lioiling, 
*i)r b> the water of springs nth in tarbonu ami I he chemual 
,Klion of carbonii aeid ami water, and tlu action (at oiu e thenmal 
iml meihaimal) of the hot water in the prmmive seas, ])uwerlully 
inodihed the granitic rocks which lay beneath them I he warm lains 
which tell upon the mountain peaks and granilu pinnacles, the 
torr ‘tits ot ram which fell uijon the slopes or iii the v.ille)s, chsscjKed 
the several alkaline biluatcs winch constitute felspar and mu a, and 
sw L pt them aw ay t'l form elsew here strata of < lav and sand , tluis 
w.re the lirst modifications m the primitive rocks prodiieed by the 
united action ol air and water, and thus were the hrsl se-dinu ntary 
locks deiiosited from the oc eanic waters 

'the argillaceous deiiosits |>rodiic ed by this dec luiipc^sition ol the 
felsjutlm and nmac eons rocks would ])articipat( in the still heated 
temperature of the globe -would lie again subjected to long c on- 
linucd heat , and wlieii the> became cool again tliev would assume', 
by a kind of seini-c r}sla]]is.Uic>n, that |>,iralle] stme ture whii h is c ailed 
teiluilion All foliated roc ks, then, are metaiuurpliu , and the result of 
a metiinorplm action to vehich sedimcnlarv stiata (and even some 
eni]jli\e roe ks) have been subjec ted subsecpienllv to die ir deposition 
aiul c onsulielatioii, and vvliieh has produced a re-arrangemeiit ol their 
(oinpoiient mineral particles, and irecjiicnllj, il not .ilvvajs, of their 
c hemic al elements also 

In this manner vvcnilel the tirst beds ol i ivsl.illiiic n/cfc/ such as 
mu a-s< hist, be formed, prubablj out ol sandy and clayey muds, or 
are nae epiis and aigillaceoiis shales 

At the end of this first phase ol its existence the urrestiial globe 
wa-i, the n, c overed, over nearly its whole siiilac c willi hot and muddy 
w Iter, lorming extensive but shallow seas A few isl.jpds, raising their 
gramt c peaks here and there, would form a sort ot arcjnpelago, sur- 
loiindeil by seas filled with earthy matter in siisijeiision During a 
long’ Senes ol ages the* solid enist of the glolie went on ineareasing lu 

•Cotta'b “Rocks Classified and Described, ” by P. H. lawrencc, p 232. 

4 
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thickness, as tin. princss of solidification of the nnderlvmg linuid 
matter nearest to ilie surf.ice proccofled This state of tranciuillit) 
could not last lon^f The solid portion of the globe had not yet 
attained siitficienl (Oiisistcniv to resist the ])ressiire of the {a>es and 
boiling liquids nliK h it tovered and (Oinpiessed nith Us ela^c (rust , 
'I he n.ues of tins internal sea tniimphcd, moie than aiuc, over the 
feeble resistaints whnli nen. ojiposeil to it, making ciiorraoiib dis- 
locatintis .mil breai Iili in the grouml iniinLiise upheavals of the 
solidiriisl riiang the beds of tin. seas far a bbxc thtir pre\'ioiis levels 
and thus moiiniaiiis .iruse out ol tin. otean, not now eKclusively 
granitn but (oinposed, IiLsides, of those sdnstose rocks which have 
been deposited under water, after long siis[)cnsion in the muddy seas 

(Jn the other h iinl the l„irth, as il roniimied to cool, would also 
(ontr.nt, and this proiess of lonti.utum, as we ha\e already ex 
plained, was another laiise of dislocation .il the surface, prodifcing 
citliir considerable iiiptiins oi siiiipk fissures in the (ontmuity 
of the crust lluse lissiirc,s noiild bL lillecl, at a subsequent 
period, b\ jets of tin molten malten oc eiipt mg the interior ot thfc 
globe -b\ i)u/itnt ^nuuh dial is Jo sa\- or b) various mineral 
c (iinpoiitnls iIkv .ilso opened i pissage to those taTeiils ot 
heated water diirgid with mineral salts, with silica, the bu arbonates 
of linie and iiugiusn whidi mingling with the waters of the vast 
primitive ocean weie deposited it tin bottom ot the seas, thus 
helping to inireisc the miss of the mineral substances eomposmg 
the solid {>0111011 of tin globe 

'riiese eiiqilions of granitic or metallic matter —these vast dis- 
charges cit mmeril w iters through the li.n lured siiilace vvcJiild be 
Ilf trec|iieiit oiciiiKine cliirmg tin jinmilive e'podi we are lOtUem 
{dating It slioiild not there lou, be a lualiLi lor surjinse to find the 
more aneienl rocks almost .dv av 1 IraciiiiecI redueed m dimensio'lis 
b) fiiilts .mil I ontoriioiis and oliin ineversed by veins eontaitnng 
iiiel.ils or their ovules, sue h as the ovidcs of c,o|j[>er and tin , or then 
siilidiides. SIM h as those of Ic.ni oi .mtimonv, or of iron -winch,, 
aic now the objec t ot the iiiinei s au 
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. PRIMARY EPOCH 

Afii K the temhle tcmpc'iti of the primitive period — after incse great 
diiiurliaiiei.'* of the mineral kingdom — Nature would seem to have 
gathered hersell toge ther, in sublime silence, m order to prot ecd to 
the grand inysten ol the ircMtion ol living beings 

* Uurmg the primitive epoeh the teinperaiiire of the earth was too 
high to admit the .yipe.ir.iiK e of hte on Us siirkue The darkness ot 
thiekest night shrouded this cradle ol the world , the atmosphere pro 
lubh' was so charged with vaiiAiirsot various kinds, that the sun's ra\s 
were ]Kjwerless to [ner< e its <Ji«t it) Upon this heated surlac e, and in 
this perpetual night, oigamc hte could not iieuiifest itself No ]>lant, 
no animal, then, could oMst ii|Km the siknt earth In the seas of 
this epoeh, iheretorc, onlv unlossililirous siiat.i were deposited 

Newertheless, our planet c ontiniied to b* siibjeilecl to a gradual 
re‘friger,T.tion on the one hand, mil, on the other, continuous rams 
were puriljing its .itmospheu Prom this lime, then, the siinS rays, 
being less obscured, could le.uh i^s siirl.iie and, under their benc- 
iKenl' inllucnce, hli was not slow in disclosing itselt “Without 
light,” said the illustiious Lavoisiei, “ N.Uiiie was without life , it was 
dead and inanimate \ benevolent (lod, in bestowing light, has 
spre,a(l on the surktee ot the earth organisation, seiitiminl, and 
thought” NVe begin, .11 c orthnglv, to see iijion the earth the tein- 
pe*rauire of which was nearly that ol our e(|uatoriil /one a few plants 
and a fc*vv animals make then appeaiance I inse lirsfgenerations of 
life wall be rcpkiced by others ol .1 higher org,mis,ition, until at the 
last stage of the creation, man, e'lidowid with the supreme altrilnile 
which we call intelligence, will appear upon the earth "'I'he word 
Prof^nss, which we think peeuleir to htimaiiiiy, ani 4 \,ven to modem 
time*'?,” said Albert tiaudry, m a ler lure on the ammals*ol'the ancient 
t'^ojjd, (iehveicd !n “was proiiotinred by the Deity on tlie* day 

* when he created the first living organism ” 

• 4 Did plants precede animals’ We know not, but such would 
appear to have been the order ol creation It ij certain that m the 
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scdiinpiit of the oldpst seas, and in the \cstigcs whuh remain to us of 
the earliest aj^es of organic life on the globe, that is to saj, in the 
argillai eons schists, we hnd both plants .iiicl annuals of advaneed 
organisation IJnt, on the other hind, during the grcate*r paiV*^' the 
priiiur} cjioch- tsjienally cluring the C'arboniteroiis age — the plants 
are partic iilailv ninncrous and urresirial animals scan clt show them 
selves, this would lead us to the conclusion that plants jireeeded 



anim.ils It nii\ be re. marke'd, besides, that 
Irotn thc'ir cellular nature, and their looser 
lissiiis composed of elemenls readily aflfec ted 
In the air the first plants could be easily 
ilestici}ecl without lea\ing an\ material ves- 
tiges , from whiiJi it may be coneluded, 
iliat. 111 those primitnc times, an immense 
nuinbc r of plants eAisied, no trac es of which 
now remain to us , 

^\e ha\i St itcd that, during the earlier 
iges of out glMii, the w. Iters eo\ creel a great 
pirt ol Its surface , and it is m them that 
we hnd the first .ippe.nancc of life • ^Vhen 
the v.ileis had becoiiic* siilficiintly cool to 
illow ol the e\isii lie L ol oigmised beings, 
creation w.is lienlopcd, and advanced w’lth 
gieit eiKPgv , for ii m.imfested itself by the 
appear.incc of nunieroiis and \cr> different 
species cjt animals and plants 


».B .7 I-.r-,.l..xM., r„l..„no OH?*!"!*- 

lii'liuiiM rc'in.ims art the l>raehie<iiocla, a grouji of 

Mollusi.i, ]).irlu iilarlv typified b) the genus 
langnla, a spec us of wl < It still exists m the jiresent se.ts , the 'I'nlo- 
bites (I'lg 17), a l.mnlv ol (. rustaceans espei lallv c harac leristie of this 
period , then c ome Prodiu tas, '1 ertbr.itnl.e, ,mcl Orthoreratites— other 


genera ofMolKisea 'J he C omls which apiie.ired at an early period, 
scc'in to have Ined m all igcs, .ind survive to the’ present daj 

Contcmpoianeouslv with these aniiiids iilintsot inferior organisa- 
tion have hit their impressions upon iht sc lusts, these .ire Algae 
(acjiiatu plants, lag 2S) \s the coniinenis enlarged, plants of a 
higher tvpe mtide their apiiear.im e tlie l"|uiset.iteaj, herhaefcous 
Feins, and other plants. The Primary tiiotli, omitting the /^thavtn 
Age, rtprestnle-d by the Laiirentiaii and other gneibsose rocks, begms 
with the Cambrian and ends with tliu 1 ‘trmian period 
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Camiirian I'l-Ruin 

«he researches ofgeoloyists ha\e discovered but si mty traces of 
oryamc remains in the roiks which form the base ut this system m 
hnylainl Atiniio/itf^, or worm Iraiks and burrows, have been tound 
III bhio[Jshirc, by Mi Salter, to ok ur m eoimtless luimliers throiiyli a 
mile ot thickness 111 the Lonyinyiid roiks, and others wen disiovered 
by the late Dr Km.ihain in Uiiklow In Ireland, in the |iutiiresqiie 
traet of Mray Head, on tlie south and east i oasts ot Diilihn, we find, 
in slaty beds of the same .lye as the Donymy nd roi ks, a siiiiposed 
/oo|jhyte, which h.is been naiiud In Isdward bodies OUhttnua, alter 
Its disi overer Dr tddhaiii, hiipermtendenl ol the tieoloyu a 1 Survey 
of India '1 his fossil represents one of the esirliest inhalntants of the 
ocean, which then lovered (he greater jKirt of tlie* Hritish Isles “ In 
the*’ hard, piiiijlish, and schistose roiks of Bray Head,” s.iys Dr 
Km..ihan,'' “as wallas otlur parts ot Ireland which are rcHogmseel as 
Cimbnaii roiks, markings yt a \iry peiuhar eharailer are ioiind 
'lluy oieiir mmasses, and are reiogmsid as liydro/ou animal assem- 
blagis^ 'Iluv liave regularity oi lonn, abi)nd.iiil. lint not imiVL''s.il, 
oeeurreiii e in beds, .iiul permaiieiiee ol c liarai ter cm ii when tiu beds 
are at a ilisUineu trom i uli other, and dissiiiiilar m iheimial and 
pliysual eh.iraiter ’ In the lemrse ol his iiuistigatioiis, Di kinahaii 
diseovcrcd at least four spcTies of Oldhamia, whir h he desi nlnd and 
ligured, but whether by one plant or animal is still doubtful 

The Cambrian roi ks luiisist ol llie l.lanberis slates of I.laiibeiis 
aiid*Penrhyn iii North Uales, vtliii li, with lluii assoi lateil saiidv 
strata, attain a thii kness ui alxnit j.ooo teet, and tin Barmouth and 
Harleih Sandstones In the 1 oiigraynd hills ol Shropshire lliese last 
beds attain a tliiekness ot (1,000 leel, and in some parts ol Merioneth 
shire they are ol still greater tlin kness 

Neither m North Wales, nor m the Ixmgniyiid do the Camliiian 
roiks afford any indications ot life, -Mcpl annelid- liac ks and 
bumjws From this i ireuinslani e, together with genei.d absenieof 
Moflusea in these strata, and the sudden apiiearaiin of itiiiiuroiis 
shells and tnlobites in the succeeding laiigiila Mags, a change ot 
eunditions seems to have eiisuetl at the i lost of the ( .iinbrian period 
•Believing that the red 1 iilour of meks is freciuAitly tonne eled vvilli 
their imposition in inkind waters, hir \nd K.amsay**c dm eives it to 
b? possible* that the .ibsenee ol marine mollusea in the t'aiiibriaji 
tucks may be due to the same laiise that produeed'thgr absence in 

• 

• trails Roy Irish Aeitl , vol xxiii , 556 
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the Old Red Sandstone, and that the isrcscm e of sii 
ram-] Jilting'* in ihc Longm^Tid beds is a fwrobor.Uion 
gestion * 


Tin SiLT^Riw rrRion 

The next iieriod of the i'*riin.ir\ hpot h i-* tht Siiunah 
Tocks universal in tsunt merspii.iding the whole e. 
less Loinplelel}. and lovering up the riu Ls m older age 
“Siliinaii’ was given 1)\ the illustrious Miiri bison to the 
now oc« iipies our attention bceaust tin svsieiu ot roc 
the marine sediments during the pcrmcl in <inestion, lorn 
of country' in Shropshire .ind Wales .i region formerly pc. 
Siliins, a Celtic race who fought gloricJiislv against I 
under Caractaciis or Caradoc, the llritish king of those 
reader niav' find the* nomenc I iliire stringe as applied 
lange of rocks whuli it represents mall jj iris ol*the ( 
World hut It indnatvs with Mill le lent c vu tuess the pari 
in (ireat Urit.nn in which the system tvpically prov 
which led to the tc‘im being adopted, even at a time v 
geographical cMeni was not suspected 

On this subjec t, .ind on tin priiui]>les which have g 
gists in tlu'ir < lassiliraticm ut rocks,* Sc clgw ic k remarks 
papers on (he fossihfurous slates c^jf Xortli Wales and 
everv eountiv, ho sa\s,f whicli is nol made out bv re 
pro existing tv jiv*, our first liboiir is ih.il ol cU U iiiiiiiiiig 
groups, and csiabhshiug their n Ifiiioiis bv niUual se 
labour lu \t in cvnleT is the detci uiin.UM;ii ot tin fossibi 
successive phvsical groups and, is a matte i ol tact 
groups ol lossil-, arc geiicrillv loiiiul lo be iii irlv co-oidi 
]>hvsical groujis e.u li successive group re^ulliug from 
ditions whicli Iiavc modilied the cbstnliiiliou ol organi 
the third plae'e*. < omes the rolkclive iit inge'mc'ut ol tli 
systems, or groiijis ol a higluT oiiUi Mu i st.iblisb 
Silurian s)stem is .m aclmir.ihle i\.im]ile ol this whole p 
groups called ('.iradoc, W'enloc k, 1 iidlow Xi , were ph 
determined h) ^ooel natural se’clions I he siutcssiv 
fossils we're tUyTiAmcd bj the sections .iiicilhescrtie 
ljresent.itiv L's 0*1 phv sic .il groups, were hardly at all inoi 

• “ On the' KicrKiicks of J'nghml,' hv \ t Rnmsiv Qtu 
Voi , Mil well 11 .-aco 
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consideAition (if the fo'>5il'i, tor these two distinc t views of the natiir.i1 
history ot such p'roups led to to-oidinate results 1 lien followed the 
collects e view of the whole senes, and the 


esta^jhsliment of a nomenclature \ot onlj 
the wfiftle senes (considered as a distinct 
svstenij, lml,e\crj subordinitL {iroiip was de- 
lined h\ a genprnpliicil mine roferrmu us to 
a loial i\pe within the limits of Silnrii in 
this respect adopting the principle of grotiiiiiig 
itnd nomenclature applied bj \V Smith to 
our bccondary rot Its At the same time, tlie 
older slate roiks of Wales (inleiior to ihe 
system of Sihiria), were called Camhian^ and 
soon aiterwards the next great (olUttiXL 
gioup ol rocks (superior to the sxstein ol 
''ilurfa) was called In this w i\ 

was established a ^lerlec t coiigruitj ol lin- 
guage It was geographic al iij print ipU and 
It represented the actual deielopmcnt of all 
our older rocks, which gait' to it its tnn 
value aiid meaning” 'Ihe jicriod, d n, loi 
the inirposcs of s( Kiitific description ma\ be 
dnidcd into three siib-iienods— the I'jipir 
and laiwvr Sihiiiait, and the ( ainbii.in 



I IS lUck of Asiphuj 
iuhtn*i (Dudley Mib 

Sli ktO, ^Vltll the CMS HcII 

pi(sCI'\Cll lUllklllHl ) 


'Ihc charac^teristic s ofthc Sihiiian |iiiio(l oi which wc givean ideal 
view opposite (PtAih. ^1I1 ) an siipioscd to haii. bcLii slullow 
seas of great extent, with barren stibinariiu reds and isolated rocks 
nsing here and there out 
of the water, covered 


with Algal, and Ire- 
ciuented by various 
Molhisca anil articulated 
animals 'fhe earliest 
traces , of vegetation 
belong to the TMUo^em, 
flowedess plants of the 
class Algs, without 
leav^ or stems, found 



Fi^ H) rc. Side Muu u1 till lc fl L>c i f tliLaUiM,, niaf^nificd 
Mjiickluid I Mi^iiiPid ML'n Ilf I portion uf Die c\c u( 
ialyiiuni ni if rophth dmii'^ Ho ) 


aiiiong tjie Lower Silu- 


nalf rocks To these succeed other plants, a fern {SfihenophyJiupt) 
and remains belonging to the Lycopodiaceae (Fig ^), the seeds of 
vfhiCh are found sparingly m the Upper Ludlow beds Among animals, 


io6 rm x’bORin m I’ORt rnr ni-fit,/ 

s 

the Orthi>nriitite\ kd .i ])re(]<iccous life in the Silurian seas 'I'hcir 
organisation indiLUies that they preyed upon other animals, pursuing 
them into the deeiiest abysses, and strangling them in the embrace ot 
their long arms 'I lie 7 / ihhttes, a reinai kablc groii p of Cnista^pav^ios- 
scssing simple anil rLlirulated coiii|)oiind eyes, also highly rliaracterisc 
this period (higs 17 to 20), presenting at one period' or Other of 
their cMstLnco 1,700 species, 320 of which are met with 111 (Jrcat 
Britain and Inland, the greater nnniber in the Cainbnan and 
Silurian formations Add to this a sun, struggling to penetrate the, 
dense atmosphere of the pimiitne world, and yielding a dim and 
imiierfc'.t light to the first created beings, organisms often rudimentary, 
but at other times sulTiriently ad\anced to mdieatea progress towards 
more perfect creations Sudi is the picture which the artist has 
attempted to portray 

The elaborate and highly \a 1 iiab 1 e “ riiesaunis Siluncys"’*' 
Lontains the name s of 8,997 species of fossil rcm.-^ins, but it probably 
does not tell us of one-tenth jiart ot the Silurian life still lying 
buried m rocks of tlial age in various parts of the world lYi 
1872 llirrande enumerated 10,074 species, and the number now 
kiiovMi IS miuh higher 


laiWlK SlU’UIAN 

'riu .Sdiinan rocks haii. been tsiimatecl by Sir Roderick Murchi- 
son Id (kcujw, altogether, an .in a ol about 7,600 scpuire miles ill 
Isngl.ind and Wales, 18,120 sc^Hare miles in Sc otlanii, anil pearly 
7,000 scjiiare miles iii Ireland I hits, as legiirds the British Isles, 
the Silurian roiks rise to the surlaii o\er luarli 1 ;,ooo sijuarc miles 
'1 he Silurian rocks liaie been tmcid Irom ( umberlanil to the 
land's hiul, at the’ southern e'Mnniily u! 1 iigtaiid '1 hey lie at the 
liaseot the soutlie'rn Highlands ol Scotland, Irom the North Channel to^ 
the North Sea, .mcl they range along the entire we'steni coast of that' 
loimtry In .1 westerly direction the> extended to the sea, where the " 
mountains of Wales the Alps ot the great ehain — would staiiflont m 
bold relief, some of them f.iimg the sea, others m detached groups , 
some clothed with a stunted legetaiion, others naked and desolate, 
all of them wilil anti pii tiiresciue But an interest surpassing all 
others beldni^ to these mountains 'I hey are ainongst ^he'raost 
ancient sediiiientarv rocks which exist on onr g’obe, a page oft. the 

• 0 

* “'Jhe Honi ami I'aiiii'i i»f the Silurian J’eiKxl, ’ by John T Bigbby, ALLt, • 
4^0^ 1868 ^ 
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book m which is written the history ol the anti(|inties of (Ireat 
Bntain — in hne, of the w orld 

In Shropshire and Wales three rones of Sihinan life nase been 
estaEiiiehed In rocks of three different iiges Graptolitut ha\e left the 
trace pf their existence Another fossil t harm teristn ol these am lent 
rocks is the Lin^uhi 'Hns shell is horny 
or slightly Ccdt^ircoiis, which has prokibl) 
been one cause of its prescr\ation 'I'hc 
family to whuh the Lingula liclongs is 
so abundant in the rocks of the Welsh 
mountains, that Sir R Murchison has use fl 
it to designate .i geological era 'rhese 
Lingula Mags mark the ncginnmg of the 
fliiSt biluriaii strata. 

•In the Lower Lkindorery heils, ulmh 
mark the close of 4he period, other fossils 
present themscb cs, thus greatly augmenting 
tne forms of lile in the Lower Silurian roc ks 
These are < celenU rata, artiiul'ata, and niol- 
Ius<a ’They mark, however, onl) a vei> 
ephemeral ixiss.ige over the glolic, and 
soon disappear altogether 

Hie vertebiated animals are only re- 
presented by rare Fishes, and it is only on 
reailung the Upper laidlow rocks, and 
s]>e( tally in those beds which jMssnipward 
into the Old Red bandsione, dial the re- 
mains have been found of tishes — the most 
anc lent beings of their c lass 

The class of Crustac cans, of whu h the 
lobster, shnmp, and the crab of our davs 
are the representatives, was that which 
]ircrlominated in this eiiocli of animal 
life '’Their forms were most singular, and 
different from those of all existing Criis- 
tac cans They < onsisted mainly of the 
Trt(pbites, a family which liecnme entirely • * 

^expnet^t the clpse of the t .irbomleroiis epoch, hut rtf whose ni»ely- 
'jjomted shell the armourer of the middle ages might have found all 
hys jLontnvances anticiijated, with not a few besides vyhich he has 
' bailed to discover The head presents, in general, 'the foriii of an 
oval buckler , the body is c onijiused of a senes of articplations, or 
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miss, a'' rqjFLbt-nlcd m I ly 20 , the anterior portion carrying the 
ejes, whuli in some are retKiilatcd, like those of many inbcctb (Figb 
18 anil 19), the mouth wab pLuid forwaul and beneath the head 
Many of these Crustaieans rould roil tiiemse!\eb into bails 
wood-louse (Figs 2^ .ind 25) Ihej swim on their Ixuks 

During the midiile in<l later SiliiriJii .iges. hIioIc Votkb' nere 
formed almo-^t e\flnsi\eli of their leniains , during the Devonian 
period tlicy seem to Jiave gradually elied out, almost disajijieanng 
in the Cailioniferoiis age, and being otilj represented by one doubtful 
species in the I’ermian rocks of North America The Trilolutes are 
unuiiic Ub a fanul), marking with Lertamt) the rotkb 111 v\hich they 



occur; “ and yet, ’ says llugli Miller, '■ how .idmirably do tliey eshibit 
the artRulatcd type ol iKing and illustrate tliat uniiy of design whicli 
pervades all Nature, amid its endless di\i.rsii\ Among other 
beings which have left tlieir trans m the .Silurian strata is Ketates 
ComlfKunst^j a species of annelid, wliose artu ul.iiions ,ire very' 
distinctly marked in the ancient rocks 

Besides the Inlohites, many' orders of Mnlliisia were numeVously 
represented in the hilurian seas \s Sir R Aiiin hison lias observed, 
no /oological feature 111 ilic, I pper Silurian roiks is more striking 
than die grcMt iiMease and protusion of (cphalojiods, many of them 
ot grent si/e,‘^\liKh appear m strata of tlic age umnediatcly ante- 
cedent^to the dawr of ^ertebrated l»fc Among the Cephalopodsuvc* 
have Cry>o<ifV'ffj'*and JLttuites cortnt-ett ictts 21), whose living repre- 
sentatives are die Nautilus and Cuttlefish of every sea 'Fhe genu? 
•Be/UroJ>/iott (Figs 54 and 56), with many others, represented the 
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('as*-ero]jiids, and like the living ennnana ‘lailfd ‘‘■eely over the sea by 
m- ms of ils llcsbv jAirts 'I'lit (lastcropoils, nitn tin. Lainellihranrhs, 
of vvlin h the t))ster is .1 living tvpv, .in<l the Brarhiopods, whose 
cc)ii}^'*ers may still he detoitetl in the Tiitbiiiliihx of our [Iighlnnd 
joi hs and luvs, and the f.iiii'iilie of llie southern huiiisphert, were 
all tliLii roprcsoiUul 'The l.iiiulltbraiK hiat.i au without a hud, 
and almost ciitirtlv destitute of power of lot omotiori Vmong the 
1 ihinodermata we mav < lU* the /iemuosnutu, ot win h // /<\nJounii 
(I'lg 22) may he roiisidored an i\ imple' 

'I'he rocks ol tlie- Lower Silurian age m 1 ‘rain e are found in I an- 
guedot , m the env irons of Xellie/ and of Redaneiix 'I he\ 01 c iipv, 
also, great ]urt of Mrittaiiy I hev oitiir m lioheinia, also m Spain, 
Russia, and m the New \\'orld I imestones sandstones and s( lusts 
.(slates of \ngei‘)) form the chief part ot this serns 'I’lie ( ambrian 
status are largeK represented in Canada and the L mted St ites 

t 

LoWIK SIIUKIVN liKOI'l' 


1 iiiinatioii 

Lower 1 l-inilii- \ 
verj group - 

C 'ir.'uUx; and 
Bala group - 


LI.mkIl'iIu group ' 


1 rt inailoc 
'll lies - 


Lingula Flags 


Lower Cam- I 
brian - - I 


t'n > tifiii;.. Km V 

tfatil sanilsUijiev ronglonu 
riti •«, and fligg} shdv bids 
Sh llj sindsiuiu- sliiUs iiid 
slat) beds, willi grits, lon- 
glomoraks, and cneasioiial 
calcareous binds {Pill i liiiie- 
siiim ) 

UarK grij ll ig>loiii'-,«iei isioii 
ally I. ilcarmu-- siiul'iliilii ■>, 
with b1 lelv si iti-.,iioiitaining 
(iiapInliK 

( wo kl vs liU U ' 
Dvrk-gn.) uid linugiiuiis 
slali>, sindj slides, iiuL 
liluisli ll ig-< willi oceasional 
beds Ilf |>i'4ilitie iron ore 
Black ami el irk shily, gre^ 
and brown sliij llagsioiies 
an! iiiidsliiiu with -alii i 
oiii gi Us end i|iiarl/Uts - - 

1 laiilieri-. si lies, vvilli saiidv 
strut - - - - - 

Ilarlccb grils . - - - - 


1 liiekiii V, 
i boo to 
t 1,000 


b,000 


75 '’ 

26,eioo 


i 6,s<)0 ^ 

I I 


, i,rxjo 
v i» 
7,000 

I 


a 

Il|irnniau 

Luirenlian 


■ Lai ki s I IAS (iK'U !• 

I Stratified, liigblj -crysiUelliiiL, I I 

I anil feLpathie rocks - . | I 

I (;neiai, ipiart/ile, bomblenile j > 

I and mica sehtsli - - - - v ’ ) 


F 

Peitlimerus lens 

llracliiopods , 
Lamcllibr.inelis , 
Pte'ropixis , I )sli- 
lii atis , (jraplo- 
lllis, rrilobiles 


Triloliiles(l<ig yii, 
I iriptiililes , Hi- 
tereipods , laige 
( e pikiliipods 


Triliiblles (I )li iius, 
iiiioeoryi>be,l’ir 
idiiYidii.big 17), 
lir u liiijpods, Cys- 
Iide IDS 

\mielid>i 

‘CJliliiaiiiia 


.^one 
f 070011 



no 


"THC WORLIi nhhORh I HI Dhl UuP 


IJpPhR ScrURIW P>Rll)D 


i.uiiiiw ki 


IJl’l'hk Ml I KI v\ OKiii 1 ' 

Litliolutsii. it Qi If li-ri. I 
I’l'i'iaj'i Bills, 1 ilo stimi s, ‘tiiil 'S 
lliiwiitoii siniUtoms, It tim > 
Imsl of tile liinu-l>i.il } 

MiLiLLini^, jcllowibh ami 
ttiiy, saiiil\ mtiilstoiiL ) 

Ai);ill itiDils ( \yiiiestry) liniL f 
slum. ^ 

Aii'ilhii (Ills SIiiIl with im 1 

plIlL llIlRatOlles I 


IlILkllLS. 

1,1X311 

yoc.) 

ISO 

(JOO 


Weiiiock Kiitks i 


I'pper I I imlo- \ 
vtr) Kiieks I 


( Xr^ilHi toils iir seiiii ervslsl- 1 f 

lino Iinifsliim 

1 

Argillaceous shall s, in places 

1 

slaty 

2 3130 ; 

Woolluipe 1 imesitinc and 


oceasional Iniids of argil 


lueiins iiodtilts 

1 


l-ingiilT, 

MoIIuslj 

I rustau.a and Fish 
remains 

Cl molds 

Mollnsca of many 
^ {genera 


genera 

Kchinodermatat 
Aclinozoa , Tnlo- 
1)1 tes 

(jiaplolitei 


(lUy iiiid villcinisli saiid- 

SlOlUS |OI 1 IsIDII ills lOII- 

i>1iinKi 111 -•) vMtii InuiiIs of 
IlllKsIlilK 


) I Pciitaincms* nbloii- 

— ■' Khvnthon- 

ella, Orthiiles, &c 




\m<iMH lilt; fossils of tins jiciiod may lit remarked a number of 
'I'nlobites. whiih tlun atumied their "rcalcsl development Among 
others, CalvmCHf liluniinlniJin{\ ig 23), some Ctphalopoda^JXiA lUaJiut- 
poiia, among nlm li 1 ist m iv be ii.iiiied l\iiltiiHeni\ Kni^hln, OrlhnM ^' , 
and some ( 'orals, as JJa/tnh » taknularia ( h ig j 6), or the 1 ham < oral 
The 'Irilobites, \m liavi .ilieadv s,iid, wen alile to coil themselves 
into a ball, like the wood loiist doubtless as a means of defeiiee In 
I'lg thtst Mi.itiirts, Cttfvm HC Jtiumfu- 

Ihu/ui, Is itpre stilted m that form, 1 oiled upon itself 
(Stt also liaiiunM\, I'lg 25 ) 

Criistateails ot a \er\ strange torin, .md in no 
nspeels rtstmbhiig the 'I'nlobites, have been met 
with 111 lilt Silurian rot ks of I'.ngland and Amentj, 
» ,_tht Pltiy^i'ius (Fig 27) ami the Jutryplous, (I'lg 
24) 'I'hej art supposed to have been the mllabi- 
laiits of fresh water 1 hev were tailed i' Sefttphny " 
Jiv the Stall h t|iiarr}men, Iroin the winged form and 
feather-like ornamentation upon the ihorat n appendage, the part most 
usually met with Agassi/ hgured them in his work on the “Fossif 
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Fishes of the Old Red Saiwlstone,” but, subscfiuentl) recognising 
tlu-ir crustacean character, remo\etl them from the Class oi Ki^lits, 
jin^pluced them with the F«cihpod Crushuea '1 ho hut iJic 
in England almost exclusively belong to the passage 
beds-rthe ^ownton sandstone and the Upper Ludlow ro( ks 

Among the maime plants which have been loiiiul in the rocks 
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corresjionding with this sub-period .in some sjiuics ol Mgjc, and 
others iKlonging to the I ^topodm c.c, uhuli Hei ome still iiioic 
aUind.'vit in the OKI Ketl S.iiidstonc iiul ( .irbonftcrous I’cnods 
28 repitsents some c\am])les of the imiirissions tlic) ha\i Kit 
. 'I'hc seas were, evidently, abuiulintlj iiihabitcil at tlte und of the 
■Uf^per Silurian period, for naturalists have examined fully 1,600 
species belonging to these beds and the nundier of 11rit{sh species, 
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t'lassificd and arr.ingcd f‘i piiblK insixiiion in oiir niubeinns cannot 
be mm li short ol that nuniliLr 

Towards tlic dost of tlx Upper Silurian sub-period, thej?,rgil. 
Inc tons beds j«iss iipwarcK in lo more* sind} and shore-hke deposits, 
in which the most .me lent known lossil 1 ‘ishes octur and then usher 
US into the fust gnat ilIuIuii ptiiocl ol the Old litd Sandstoiit. or 
Dtxoniaii so ntll marked b\ its tossil lishts in Hritam, Russia, and 
North \mLrica The so tailed fish-bones ha\e been the siibjett of 
some discussion Between the Lpper I aullow' rocks opposite Down- 
ton Castle and the ne\l oxcrljing stratum, there otciirs a thin bed of 
soft earth) shale, and line, soft, ytllonish grctnstonc, immediately 



W si- 1 


o\crl)ing the laullow' rock just below this a lemarkablc hsh-deposit 
ore iirs, called the laullow bone bed, bti ause the bones of animals 
are found in this stratum m grt it i]uaiitilic s Old Drayton in his 
“ Polyolbioii ’ treats these bones as a great man el — 

• W all sinii;t 'ml Nuiulry l-ilts , 

or ill thtir wiiailrcms llaiigs , iiul imt lliu knst in Walts, 
or lint pruiligiiiiLs spring (iinn ncighliuuring as bt pa->t), 

Tlial little l1shc^’ li mes tonliiiii.-ill) iloili uist ’’ 

Fig 21) re(jj|tsdiils a fossil of the Upper Ludlow rocks 

Above the yellow beds, or Downton sandstone as the^ nr«i called, 
organic remains are extensively diflused through the argillocechis 
strata, vvhich*liav'e yielded fragments of fishes’ bones (being the earliest 
trace y et found bf vei tebrate life), with seeds and land plants, the laftej 
dearly indicating the neighbourhood of land, and the poverty of 


I'pPLk s/ii’knv I'lKion 


”3 


numbers and the siiiidl si/e of the shells, a clianiji, ul i ondition in tlie 
nature of the waters in whirh the\ In ul ‘ It was tin rentral jurt 
only^’ S.IVS Sir R \[urchison, “of this hand, or a gnigei-hread- 
colour&< la\er of a thickness of three or four uilIics, and ilwindling 
awavtaa (iiijirter of an inch, evhilnting, when my attention was first 
directed to il, ,1 ni itted mass of bony fragiiieiits, toi the most jiart ot 
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\* small si/e and of very pcciihar chaiaclo. Soim. of llu. fragments of 
lish aAj ot a mahogany hue, but others of so hnllianl a blaf k that 
when first discovered they conveyed the iiniirussion that the bed 
vv.is a heap of liroken beetles ” ’I'hese lishcs, some of which are nearly 
allied to the l^ort Jackson Shark, arc the i.arlic'^ l».nown traces of 
t)a(,khoiied animals Hut what is quite as reittarkahle scor|iion and 
"Oi^oikroach'fore’shadow the appearance of mseit life, though perhaps 
tly: graptohtes and the chamberc'd cuttle-fibh, of whicli many hun- 
• droils of species are described, constitute the most rcniarkable iiiem- 
■bers of the teeming Silurian Fauna 
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Silurun Kul'ns are fouml in IrancL in the departments of 
Manche, Calvados and of the Sarthc, and in T^n^uedoc the Silurian 
formalion has o< ( ujJie 1 the attention ot Messrs (Iraff and Fournet, 
whohivu Inn cl aloii}' the liase cjf the hspmoiise, the greenrfjfimor- 
di.d c hkirite-sc lusts, '•iirinoiinted hv i lav -slates, whieh beLOiue more 
and more pure as the dist.inc e from the masses of gramte and gneiss 
mcreist- .ind the valle) of the Jour is apjiroathed Upon these last 
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the 'Silurian sisinn rests sinking tow nds the plain iindei Secondary 
and lirtiaiv loriii.itioiis InCrLit iSrilam Silurian strata arc; fouml 
<.iionuously dc.\ eloped in tlie West .ind Scnitli Highlands ot Ssiotlaml 
on the wesleiii slopes ol tlie J’enniiie iliiin .ind the mountains ol 
Males, and iii.tjie .ul|oining counties ot Shrojjshire their mos' 
t}]Hcal region# and M on estirshire In Spain . in (lerniainf (oii,the 
Isinks of the Kliiiu). m Jiohemia- where, also, 'they afe larg4y 
develoind, esjieciallj m the neighbourhood of Prague in Swedpn, 
wlien ilu} conipose the entire island of Gothland, in Norway, in 
Russia , m the Andes , the Himalayas , in Australia , and in America , 
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from the St Lawrence mouth, and half way acrosb the continent — 
in all these countries they are more or less developed 

We may add, as a general t haraitenstir of the Silurian svstem as 
j whnic-* that of all fonii.itiuns it is the mubt iliblurhcd In the 
countries where it prevails, it only appears as fragments which have 
esc.ipcd' (lestAiction amid the mimerutis changes that have atleited 
it durmg the earlier ages of the world I he beds, originally hori- 
zontal, .irc turned up, cunUirtcd, folded over, and sometimes become 
•iven vcrtual, as m the slates of Xngers, LLinbcris, and Irelcth 
1 1 ( )rbign.y found the Silurian beds with their fossils in the American 
Andes, .It the height of i6 ooo feet above the level of tlic se.u X\hat 
vast ii])licavals must have bec.n ncaessarv to elevate these fossils to 
biirh a height ’ 

In the Silurian period the bca still occupied the earth almost 
entirely , it covered tlie greater |un of Itiiropc* all the area com- 
jirised between Spaip and the Tral was uncIcT water In hranc^e only 
two Islands h.id emerged from the primordial oc ean One of them was 
formed of the granitic roc ks of what are now llritl.iny and Ka Vendee , 
the other c onstitiited the great c entral plateau, and c onsisted of the 
same rocks I'he northern parts of Norway, Swe*deii, .iiicl of Russian 
la.pland formed a vast c ontmeiital siiri.ace In America the emerged 
lands were more evtensive In North Anieric.i .nn island extended 
over eighteen degrees of latitude, in the part now known as Northern 
Can,ada ’ In South \merica, in the Pac ifu , dull formed one 
elongated island U]ion the Xtlantie, ,i portion ol Brazil to the ex- 
tent oj" twenty degrees of Lititude was r.iiscd above water Finally, ui 
the er[u.itorial regions, Guiana formed a later island in the vast ocean 
which still < overed most other parts of the New \\ odd 

'ITicrc IS, perhaiJs, no scaiic of greater geological confusion than 
th.at presented by the western flanks oi the I’cnnine cli.iin Aline 
elr.iwii longitudmall} from about three clcgrces wist of Greenwich, 
■would UK hide on its western sieic Cross I ill in ( imiberland, ,ind the 
greater jxirt of the Silurian rocks lieloiiging U» liu t .iipbruin svslein. 
in vil]Rh the ('jmbrian and 1 ower SiJiirun roc ks are now vve‘ll de- 
Urinined , while the upper senes are so niclainorphosed by eruptive 
^granite and the efleets ol dcaiidation, as to be scarcely rec ogmsabit 
V\X ith the rare exception of a seavveed and a zoophyte,” s.ijs the 
Vthdr of ‘ Siluria,’ “ not a trac e ol a fossil lias been f^t<;c ted in the 
■Th^^isanffs of. fce*t of strata, with mU rpul.itcd igneous matter, which 
■ intervene between the sl.itcs of Skidelavv .mil the t'omston limestone, 
.vyfh Its overlying flags, at that zone only do we begin to find any- 
thing like a fauna here, judging from Us fossils we find representa* 
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tions of the Caradoc and H.ila rorks ” Thib iniieh-dishirbe<l district 
I’roft^sor Sedgwick, .iftcr several vcars devoted to its study, has 
a'lcniiitcd to rcvonbtruct the tollowing Icaig J brief summary of his 
arguments I lie region i onsists ot 

J beds of miidsioiic and sandstone, dcjiosited m .rnnmient sea 
np|).irLiit1\ without the i.ileareoiis matter net essary to' the existence 
ot slit 11s and < orals, anti with numerous traces of org,iniL forms ot 
Siliiri 111 age- these we rt the t leinents of the Skiddaw slates 

II I’liitonu rotks wtre. foi inanv ages poured out among the* 
atiiieoiis siihnieiitarv dt posits, the beds weri broken up and re- 
leiiientetl jihiUinK silt aiul other fmelv i ommimUeel matter were 
rUposittd dong with the igiie'tnis rotks the prot ess was again and 
again repeated, till a (ht|) sea was tilled up with a formation many 
tlioiiviniis of feet thick bv the materials forming the middle ('nmbrian 
rot ks 

III V pel tod ol conipariiive repose Itillowiid beds of shells 

and bainls ol tor.il were foriiud upon the more ancient rocks, inter- 
nipteil with hells of sand and mini , fiioiisses many times repeated 
and thus, in a long suitessioii ot iges, were the deposits of the uppe*r 
scries comijleted * 

IV I'ow irtls the end ot tlu* pi nod, luoimtam masses and erup- 
tive roc ks were jitislKil up llirougli the older deposits \fter many 
rev'olutioiis, all the tlivisioiis ol die slan -series were upheaved and 
contorted bv ninv enie*nts vvhu h did nut atlei I the new t r formations 

V 'I he I'ongloiiieT.ites of tlu Old Retl Saiiilslone were now 
sjiread out by Hie be,aling ol ,in am leiit siirt i ontinued through, many 
.ages, .igainst die upheaved and bitikeii skills 

VI \iiother peiiod of lonipaiitive repose lollowed the « oral- 
reels ot the mountain hnustoiH anel the- whole nrboniierenis senes, 
were formed, but not without anv <». ill itioiis between the land anel 
sea-levels 

\1I \n age ot disnii>tion and violence siiti ceded, marked by 
the discordant position of tlie rotks .md bj the t oiigloinerate of the 
New Red Sandstone \l the iKamnmg ot this periotl the. great 
north and south “I’raveii fault,” wliuhre'iit oil the eastern cahareous 
mountains from the old slates was leiinied Soon afterwards the dis 
niptiun of the gfeat “ I’enmiie laiilt ” whuh ranges Irom the f^ot (rf 
Stanmoie to,tjhe coast of North ( umbcrland, otcuned, liftp^g up tre 
tc'rai e ol ('ross hell .ibiivi. the pi iin ot the hden About the same 
time some of^llie north and south lissures, which now form the 
vailevs hailing into Moreeamlie llav. niav h.ive been formeil . 

VllI 'fhe more tTainpiil ))tnod of the* New Red Sandstone 
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now dawns, but here (uir farts fail us on the skirts ot the Tdkc 
Mountains 

]\ Thousands of ages rolled awa\ during the Secondary and 
I'erti.fcj. jpenods, in which we can trarc no moxeinent lJut the 
powers of Xature are neser still dnimg this age o) a|>]).]rent repose 
niinv a hssuro ma\ ha\c start^ed into an open ihasm. ivanj i \allc) 

I een scoopc'd out upon the lines ot ‘ fliiilt 

\. Close to the instonc limes wt ha\e eMileiic c of new disrup- 
yons and t lolence, ami ot t ist changes ot lei cl between land and sea 
Vniient lallejs probablj opencnl out anew or estended, and ficsh 
ones formed in the thanges of the oceanic level (Tacks among the 
strata mi> now have become o]K.n fissmcs, vertical escarpments 
■ formed bv iineepial elc’v itions along the lines ot fault and siibsi- 
cKnic ma\ have given rise to niaiiv ot the tarns and kikes of the 
iTisirtcJ 

isiich IS the picture which om of our most emineiit geologists 
gives ts the probable piocess b\ which tins region has attained its 
jircsent appcuranc e, after he luul ckvoied vtars of sludv and observa- 
tion to Its ]ierubartttcs . anel his desiiiptiun ot one spot apiihes in its 
general v'opc to the wliole district Vi the close of the Silurian 
period Britain was probabl) an archipelago, ranging over ten 
degrees of latitude, like nianv of the island groups now tound in tlic 
great I’acilic Ocean, the old gneissic lulls of the western coast of 
Scotland, 'culiniiiating in the granite range of Ben Nevis, ind strMc h- 
ing to the southern (>rampians, tornnng the mirluus ot om* ishiid 
group . the south fltglilands ot Scotland, ranging from the l.immer 
muir hills, another , the I’ciimne dliain and the Malvern hills, the 
“third, and most easterly groujr , the Shroijshirc and \\ clsh mountains, 
a fourth , and Devon and Cornwall stretc hing far to the south and 
vvtst The basis of the calculation being, that every spot of the island 
Ivmg now at a lower elevation than Soo feet above the sea, was 
•under water at the close of the Silurian ]Jc*rioil, except in those 
instances where depression b> subsidence has siiii-e occurred 

There is, however, another clement to be considered, which c:an- 
not be better stated thin in the jncturcsi|uc language of M Ivscpuros, 
"yan eminent Freiah writer, who has givc-n iniich aUeiition to Biitish 
geology “ The Silurian m'uimains, ’ he sa>s, “rums m themselves, 
(vntAn other rums In the bosom of the Longm>nd* rocks, geologists 
~dWb\ ercLonglomeratos of rounded stones which bear nfi resemblance 
• tor any rocks now near them Flicsc stones consecjiiently prov c the 
^exis|ence of rcx.ks more ancient still , they are fraghic-nts of other 
Tnountains, of other shores, perliaps even of continentts, broken up, 
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destroyed, ami mimbled by earlu r seas 'I'here is, then, little hope 
of one discovering the origin of life on the globe, since this page of 
the genesis of the facts has lieen torn For some years geologists 
loved to rest their eves in this long night of ages, iipoii»»fl(l\ ideal 
limit beyond whu h plants and annuals would begin to appear Now, 
this line of dcmanaiion between the rofks whuh are without vestiges 
of organised btings, and those which contain fossils, is nearly eflfaccd 
among the siiiToiniiling rums On the hori/on of the pnmitive world 
we ste vaguely indicated a senes of other worlds which have alto 
gether disatJpearcd , perhaps it is necessarj to resign ourselves to the 
fait that the dawn of life is lost in tins silent epoch, where age 
sntieeds age, till they arc < IcUhtil in the garb ot eternity 'ITie nver 
ol rreation is like the Nile wlinli, as llossnel sa\s, hides its head - a 
figure of spee( h whu h time has falsified but the endless spcf illations 
opened up by these and siunlar lonsidcnitions led T,yell to say, 
‘ Here 1 am almost prepared to believe m the,anricnt existence of 
the Atlantis of Plato ” 

Notf 1 iir nicunte roprescnl ilioiis of dit f>|>iL'il fo'.Ml'. ol the Palxozoic 
strita of liritini, llu imKi iiiiy (.odmiIi, witli 'iiU iiiligL, llie cirefully executed 
“ 1 igurcs of L-h.ir.iLtciiblic linlisli 1 ussil',, ' by y\, 11 liaily, h O S (Van Yooist) 
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OLD RKD SANDSTONK A\D DEVONIAN IM KIOD 


XsoLHi'K. (^real {Kriod in the harths histon nimis on ns- the 
])e\oninn or ‘‘Old Red Sandstone,’ so called, liLc.iuse the rorination 
is \ery tle.nrly displajed o\er a great extent of countrj in the i ouiitj 
of njxon The n.niie was (irst proposed li\ Mun hison and Sedgwu k. 
in i.S^ 7 , for these sir ita. which had pnvioiisK Ullii nkired to the 
• tr insition ’ or Sihirian series 

'rile circ iimstanc es which fiiarked the ])assnge of the iippennost 
.Silurian rocks into Old Red Sandstone sec in to lia\e him I'lrst, a 
slvnllowtug of the' sen, lollowed h> a gradual .iltii ition in the phxsual 
geography of the district, so tliat the area hcc.ime (hanged into a 
senes of niingled fresh and brackish kigoons, wliiih, linally, h> con- 
tinued terrestri.il c ha ngcs, wc re c oinerlcd into a gieat fresh-water lake , 
or, if we't.ike the whole of llritain and lands heyond, into a senes ot 
l.ikes • 

Mr (lodwin \usten has also, sUitcd Ins o[iuiion that the < >ld Red 
Sandstone, as distinct from the 1/eeoni.in nxks, w.is of l.ic iislriiie 
origin 

The absence of marine shells lul|)s to this c one liision .md the 
iTearest living analogues of some ol the fishes .iie found m the Irc'sli 
w.iter ol \friea anci North \ineni.i I'veii the occurrence in the 
Devonian roc ks of Devonshire and Russia of some Old Red Sandstone 
fishes along with marine shells, merelv proves that sonif ol them were 
fitted to live in cither fresh or s,ilt waiei, like v.iiioiis existing lishes 
At ifve i>rescnt dav animals that an c onuiioiilv sipiposecl to be 
.essentially marine, are occasionally found inhabiting tresh w.iter, as is 
\he case in some of the lakes of Sweden, where it is said marine 
^isl^eea arc found Mr Alexander Miirniy .ilso* states that m the 
-illghd ffesh-yvater lakes of Newfoundland seals .ire ?oinmon, living 

^ ’f “ On the Red Roeks of I iiijl mil, ’ b> A k Ramsay Quail Jbiii (nvl 611 , 
VoL xxv.i , p 243 
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there ^Mthoiit e\eii \isitmj» the sea XtwI the saint is the rasft in I^ke 
I3aika1, in Centr.il A-iia 

The rttl colour of the Old Red S.indstorie of Fngland and Scot- 
land, and lilt tend .ilisenie ot lossils c\< cpt in the \er> nppcjmost 
beds, are tonsidtnd b) Sir And Ramsay to indiiatc that tW strata 
«ere tlejitjsiti cl mi inlind waters Phe-c lossils arc terristriol ferns 
Ai/iatilitfs ( IV'i optc rii) ltihiniuii\, incl a Ircsh-watci sV-11, Anodon 
Jukfsn, tcitretlicr with the Iish HI} J>loh J‘t\ * 

I he rocks tic posited diiruii!; the Otioiiian period exhibit some 
spei Its of animals and plants ol a imuh more complex organisation' 
than those winch h.icl ]iri\ioiislj made their ajijieirance W’c have 
seen, during the Silurian ejioc h. organisms aiipeaimg ot m r\ simple 
tvpe, nainih, yooiihxles, articiilattd and mollusc ous aniuuls. with 
alg.e and l)c opods, iinong ]ilaiits We shall see is Iht globe grows 
older, lliat oiganisalion bt< onies more < oinplex \ ertc'bralc nnminls, 
represented li\ numerous I isites succeed /oojjhjtes Prilobilts, and 
"Mollusc s Soon afit i w inls Reptiles ajipcar, then Hirds and MannnaU , 
until the tunc comts v litn man. Ills supreme anil last work, issues 
from the hands ot the (.rt'itor to be king ol all the eirth man, who 
has for the sign ol lus suptiiottt), intelhge'iic e that c elestial gift, the 
t'manation from (>ocl 

V'ast mlanci stas, oi I ikis loxtred with a few islets, form the ideal 
of the Old Red .Sindsioiu ]iiriocl \ pon the rocks of these islets the 
molluse.i and arliculata ol the piiiocl exhibit Ihemselvis, as repre- 
sented cjii the cjpposite page (I’l \ ii lA ) Strandid on the shore we 
see arniour-ioatc.ll I’lsliesol strange forms A group of plants {-iWrro- 
//ry////cj) c oxeis one ol the isU is^ assoi lated with plants nearly her- 
l\i( eons, resembling mosses, though the Hue inossis did not appear 
till a miic h later peiiod / /*//«//» c .mil I itiiih * nc i u])\ the rocAs in 
the foreground ot the h it hand 

'1 lie xegetation is still simple in its di xelnpnient, lor forest-trees 
seem altogether wanting ihe Vsterophx Hues, with tall and slender 
stems, rise singly to a c onsiderable height L i\ ptogams, oi which our 
mushrooms eciiney some idea, would tonii the thief i^iart pf this 
primitive vegetation hut la cuiises|iicni e ol the softness of their 
tissues, their want ol c onsisicnee*, and the absence of nuieh woody 
fibre, these earlier plants have comedown tej us onlj m a fragmentary' 
state • , / 

'Pile pltfiilft belonging to the Devonian period differ tnv'ch fro^ 

* “On the K«l*kocks of tiiglancl,” by A. C Kamsay Quart Jmr Ctal 
vol \xvii, ji 247 * • 






(Ircat Utfc fcrns ami horsetails iNo .ihounded, ami dragon Hies ot 
proportionate si/e sported in tort sts of huge i-omlerie 
V In the wooddit (Fig 30) we hate represLiited tluce species of 
i\ialiL ])laiits belonging to the Detomaii period^ thtv are- — i, 
j\ou/t (OT A/i^iv) 2. Zi>sicni 5 J ulof'/iylon I he lojtoid rlosely 
tesJjBl)ks"its modern all) . Imt with the first mdic aliens of terrestrial 
fi-lctation we pass from the Z/Ar/ZiV'"-*. to "hw li the. y/i5,v^ belong 
iiil^rits of simple organisation, without llower or stem), to ihe 
which throw out their le*i"-‘' iind branehes at the extremitj, and 
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bear in the axils of their k.ives minute (iruilar cases, which form 
the receptacles ot their spore-hke seeds “ If we stand,'’ say>> 
Hiiyh Miller, “on the outer edge of one of those iron-bound 
shores of the Western Highlands, where ro< k and sk^rifis are 
trow lied with seaweeds, the long iilindncal lines ol C/ioniqfilum, 
Jiiaiiy feet in length, l)ing ashnt in tlie tidew'ay/ long sliaggy 
hiinrhcs of Fhihs sen at in and /' itothsin drooping trom the sides of 
the roek , the flat leelges liristling with the stiff cartilaginous many-cleft 
fronds of.it liMst two spec us of Chondnn . now, in the thickly-spread 
Fill Olds of this Highland s< eiic wi have a not very improbable repre- 
sentation of the Thallogenous \egel.ition II we adtl to this rocky 
trait, so mil m iMiioids, ,i stthinanne meadow' of jiale shelly sand, 
coicreil by a decji-grcen swathe ot /asiau. with jointed root .ind slim 
tiowers, unfurnished with petals, it would be more representative still ” 
Let us now t.iki ,i glam e at the animals liedonging to this period 
'I he < lass of I' ishc s si i m to have held the ,hrst rank and impor 
tame m the Old Rid sandstone firin/a but their struiture was very 
different fiom tint of esisting iishe*s the> were provided with a 
sort ol luirass, .mil Iroin thi niturc of the sriles w’cre called Ganoid 
fishes Numerous li.igiiieiits of tin se < uiioiis fishes are now found 
in geologic al i ollei tioiis , they arc of stniuge forms, some being com- 
pletely toe ered with a iiiirass ol iiuny jnei es, and others furnished 
evitli wing-like pectoral fins as m /*ft i u/it/iys 

Let my oiii jm tore to himself the surprise he w'ould feel should 
he, on Uikitig Ills first lesson in gcologe, .iiiel on first breaking a stone 
- -a pebble, for iiisLiiut, eshilyting eeery esleinal sign of water- 
worn surface — hnd, to ajjpropriatc Archdeaeon Raley’s illustration^ 
a watch, or anj other deliaitc piece of mechanism, in its centre 
Mow', this, many jears ago, is cxactl) the kind tjf suronsc that Hugh 
Miller experieiiied in the sandstone ijiiarrj ojieiied in a lofty wall 
of clift oserh.inging the nortlu rn shore of the ^^oray I'lith He had 
puked up a nodular m.iss of blue laas-lmiestoiii,, which he laid opert 
by a stroke of the hammer, when, benedd ' an exiiuisitelv shaped Am- 
monite was displaied before liiin it is not surjirising that h&ijicefurth 
the half-mason, hall-sailor, and poet, bet.ime a geologist He sought 
for information ,ind found it , he found tliat the rocks among whic'i 
he laboured si^armed with the rdiisot a former age He jiurstV.cl 
his in\ estigcitioiis, .md found, wliile working in this /one of sAutieall 
around the coast, that a certain cLiss ot fossils aboimdecl j'bnt ttf.f in 
a higher /onci these t.imiliar forms dis,ippeared, and others made tl eit 
appearance . . , 

He read and learned that in other lands - lands of more rec!enl 
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fornialion — strange forms of animal life had Ijclii disio\eredj forms 
which in their turn had disa])|)eared, to be siULcedcd liy others, more 
in act ontance with beings now Ining He came to know that he was 
Mirroiindijl, m his native mountains, by the seihineiiUiry deposits of 
other ages, he became alive to thclait that these grand mountain 
ranges htid b«;n built 1111 grain b\ gram in the bed ot the ocean, and 
the mountains had been subse<|ueutly raised to their present level by 



— !• of the Hbvoni III I i ( im « ivstcus mu tliiril n iitinl '*i/< 2 I’lLUi.Iith) 

oni. fourth 11 lUir il i/v , I epli il i-vpi** mic loiirtli 11 iliiril •'i/« 



he upheatal of one part ol its bed or bv the siilisiili n< e of .mother 
Ihe }^ng geologist now eease'd to wonder thil e.u li htd, or senes 
•I beds, should eontain in its bosom rn orcK of its own epoch it 
yarned to him as if it liad been the objei t ol the ( rcator to tuniish 
iV, im^uirer with reeords of Ills wisdom and pover \\hiih could not 
J misinterpreted 1 * 

|i*Rmong the Fishes of Old Red SiiuKtoiie, llio CouOsUns (log 31, 
V. * ifwas only purlially cased in a delensive armour , the up]ter jxirt of 
h6 body down to the fins was defended by scales. FtericMhvs {.^o 2), a 
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strongc form, with vtri ‘iinnll hL.id, liirmslied with two powerful 
paildlis, or arm-., Ilk*, wings, and a month iilauid tar behind the nose, 
wasi.ntin.U tovered with siaks 'Ihc CiplMlaspu (\o 3), which hasa 
considerable oulwanl rescinbLiin e to sonic fishes ol the present time, 
was nevertlieless mail-clail onU on the anterior part of tlie^iiody 
Other fishes were jirouded with no such ciiirasi, properly so 
called, but were protei ted b> strong resisting scales, enveloping the 
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whole bod> Siuh were the (1 ), ihe C///1/17////J <<2), and 

the Diphuanlbus (3), re-prese i.ted m I ig 32 

\niojig tlie organic lieings ol tin Deioni.iii rocks we find w'ornii 
like aniinnls, siu lias the Anndtih, protei ted b\ an external shell, at J 
which at the pfesent da\ are jirolubU represented bv the Stipu,;je 
Among Oriistaeeans the PnlohUs are still somewhat hiimero-sc, 
espeeiall) in the middle roiks ol the period We iilso find 
many ditlereni groups of Molhis'.’ ot whnli the A/ ew/nopo/iit fo\m 
more than one-h,i.lf W c maj say ot this period that it is the reign' 
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of J{rachio|>oila in it thcv ci'i'iiiniod tvlraordinary Jornis. and the 
niimljer ot tJieir spceicis i\a>« \ery great \iiioiig the most c urioiis we 
Tiuv instance tlie ciiorniuiib StnngMt/>/iiilit\ limtun^ Da-'uhoma 
1 1 / Meiti/h, U/tcifci and Cahio/tt SiiiiJaliihi, sliells of singular 

.ind fantastic sh.i]>e, clitlering entireh from all known tornis Amongst 
the most charatienstic of these Mollusca, Atrypa nUinlaris (I'lg 33) 
holds, the lirsl rank, with Sfiiujt'ni toiuenti uti lAj>ta»a Alii/ihistu'ii, 
and PrOiiiutu\ sub/hn/intHi Among tlic t e]ihalopoda we ha\e 
^Clymema (1 ig 34), including the GijhmIi(£a, illustrating 



the Aimnoniles, whuh so disliint]} diaraiurise ihe Sn otidary epoi h, 
hut whuh weie unh tun sli ulowcil in ihc Divdiiiim jicriod 

Among the Uadiaia of this epoch the onUi t inundeaare abun 
dandy represented We guc as an c\uii]jIc (, iipi.wotiiinii iiassiu 
'fhe Lnermius, undt.r whuh n iiiic ilu whole ot these 
•uiiii^s' are sometimes iiieluded h\cd altai lied Lo rock> pines and 
in deep water as the) now do m the Carihbcan se i 

1 he hncrmites, as we ha\e seen, weie rejirc sealed tliinng the 
|ilulian jienoil in a simple g* niis, y/r'/«*e»/////<j, but they greatly in- 
eased III the seas ot the De\onian ])eriod They dimmish m 
J nbers as we retire from that geological age , iiniil those forms so 
Hmreious andSaricd 111 the earliest seas, are now' onh represented 
jy two genera Corals and seA-urehins also abounded 
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'I'lic OUl K(.d .Saiwlstom* ro< ks arc < "chists, sandstone, 

and Innestcjnes 'I’hc line of deniar< .ition bt tween the Silurian rotks 
ami those w'hieh suueed them niiy be follovied. in many plates, by 

the L\e . blit on a rlo'iy e-'tami- 
nation, the exact limits of the two 
sjsti ins beiome more difht lilt to fix 
'Hie betls ol the one system jiass 
into the other by a j'raiiiial ]xissage‘, 
for Nature rareU admits of \iolenl, 
tonir.ists and shows few^ sudden 
transitions lt\-anil-hy, hov.eeer, 
the t liange ht tomes eery tlet ided, 
anti the lontrast between the dark 
gre\ masses at the base and the 
siijienntnmhcnt yellow ami red 
rorks het omes siifliciently striking 
In fact, the uppermost beds of the 
Silittian rotks arc the ixissagi -beds 
ol ihi o\e‘rlying system, consisting 
of lligstones ot t asionallyi reddisl), 
ami tailed in some thstriets •* tile- 
stoms ' ()\cr these he the Old 

Kcd 'sanilstoiie’ t onglomaratc, the 
Caitiiiuss fl.igs and the great su- 
penm iinibent mass whitlj forms 
the uppeT portion of the '•\slem 
Though less abni]it ih m ihe eni])li\e and Siliiiian mountains, the 
Old Kcil Sandstone sttinrv is neeerthiless (lislingiiishetl 1 »\ its 
iiii|>()sing outlim .issunime boltl and lott\ istarpmints in the Vans 
of llreton, in (Irongar H'll near ( aeimartlii n, and m the Ill.ick 
Mountain ol Moninouthshiie. in thi < enln of a landscape which 
wood, rock, and ri\ir < onibine to remit r ju-ftit Hut it is in the 
north of Scotland win re this rotk assumes its grandest aspet t, 
WTappmg Us inanlli round tin loltiisi mountains and risings^i't of 
the* sea in rugged iinl lintistK raassc-. ns far north as the Oitneys 
In Devon ami ( ornwall, wluie tin loi ks an o) a taltareous, and 
soinetinus sehisltise or slate thaiai ter line ire siitfu lentU exteiisue;*^ 
to have giv^n a name to the senes, wliiih is reiognisetl alD'oet/,* 
the worli) • , a* 

In 1 lerefnnDhire Woreesten shire, Shiopdiire, (.lout e’stershh^^ 
and South Wales, the Old Rod Sainistono is largely Meveloped, aPT, 
sometime!) attains tlie thukness of trom 8,000 to 10,000 feet, divided 
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into ■ I ( 'onsjlomeniti: , 2 Hrown stone, witli /v/^ !•/'/«/«. ^ Marl and 
( urn stones with irregular lonrses ol coiurele linustniiL, in whiili are 
siiines ot Fishes aiul remains of 6<///ir/irjr//r and Phtasl'is, 4 'I'liin 
olive ( <j2,uiired shales and sandstone, intenalatcd with hods ofred marl, 
lontaming Ciphalaspts and In Scotland, south of the 

(iramfiians,'*.'! jellovv s,indstone Oi cupies the base of the sj stem , » on- 
glomerate, rod shales, sandstone and fornslunes, loiitainmg //<» 
lopt\'ihius i\x\A. Ct’pAa/aspn, and the Arbroath tMving-stone, containing 
, vvhat Ag.issiz recognised as a huge Cnisl.tican 

Some of the phenomena connected with the older rocks of 
Devonshire arc difHcult to unravel 'I'he Devonian, it 
IS now understood, is the equivalent, in another area, oi 
the f)ld Red Sandstone, and in (^ornvvall and Devon- 
sliire he directly on the Silurian strata, while elsewhere 
the, fossils of the IT] iper Silurian are almost idcnlual 
with those in the Devonian beds 'Ihc late F'rofessor 
jukes, with some other geologists, was of opinion that 
the Devonian rocks of l)c»onshire only represented^* 
the Old Red Sandstone of Scotland and South Wales in |iart , the 
IJppcr/Devoninn rocks Ijing between the acknowledged () 1 d Keel 
Sandstone and the ( uhn-measurcs being the uqiicscnlativcs ol the 
lower c arbonifcrous rocksot Ireland 

Mr Ivtheridge, 011 the other hand, in an elaborate memoir upon 
the same subject, has ciuleavoiired to prove that the Devonian and 
Old Rod Stndstone, though conteiiqioraiKous in ]>oint ol time, were 
deposited m dilTerent areas and under widely chncreiit conilitions - 
the one strictlv marine, the either altogether fresh-water— or, perhajis, 
])artly tresh-vvatcr and ]iartly estuarine I his suiqiosition is stroiiglv 
siijijiorteci by his researches into the mollusc a of the Devonian 
SJ stem, and also by the lish-romams of the Devonian niicl Old Red 
S.indstone of Sc otlaiid and the l\c*st of I'aigl.iiicl .iiid Wales * 'J'lic* 
dithcaiUy of drawing a sliarply-defincHl line of dcmanation between 
difterent sj'stems is sufilc lent to dispel the idea wliii h has soiiieliiiKs 
boeri'enterlained that sjiecul faume were c rcalccl and nnmliilalecl 111 
tlii^^iiiass at the close of each eiioeh '1 here was no close each 
e|iOLh dis.ippears or merges intc> that which siiceceds it, and with il 
t the animals helongmg to it, much as we have seen them disaj-iicMr 
\frofli cnir own fauna almost within receiit tunes ' 

L' 

I • twr fuller clcluU on this subject, see J II Jukes’ “ Msiiiial nl (iLsiliigy,’* 
^jrd'CMl, p 762 AIsii, K IvtlKriilgc, Quint Jamn Invl. .Sif:., v<il 23, p 251 
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CARBONIFKROUS PERIOD. 


In the history of our globe llie (.'.irboniftrous jicruKl sucrccds to the 
iJevoiii in It IS 111 the fariihilions of this latter epot li that we find the 
iossil TiilI which h.i.s done so nine h to enric li and rivilise the world in 
our own age This junud divides itself into tw'o great sub-periods 
1 Tlie CtutZ-mntMoes , and 2 'I’he Ctirlxwi/i roiis. Limestone The 
first, a period which gave rise to the great deposits of coal, the 
second, to most important marine dejlbsits, most frccpieutly under- 
lying the < all-fields in Isiigland, Pelgniin, France, and Amcnc.i 

The hinestone-moiintaiiis whii h form the base of the whole system, 
attain in places, nc(ording to Professor Phillips, a thnhness of 2,500 
feet riiey are of iiiarinc origin, as is apparent by tlie multitude of 
fossils they < ontain of Zonph) tes, Kadiati, Cephalopoda, and Fishes 
Hut the c hief c haiartenstic of this tiioc h is its strictly terrestrial flora 
reinains of plants now become as common as they were rare in all 
previous formations, announcing a gre.it increase of dry land In 
oleic r geologic .i1 times the present site of liritain was covered by 
.1 sea of uiihnntcd esteiit , we now ajijiroach a time when it was a 
forest, or, rather, an inniiiiierable group of ishinds, and marshes 
covered with forests, which sjiread over the surface of the clusters of 
islands winch thick!) studded the sea of the jicriod 

The inuniinic iits of tins era of profuse vegetation reveal themselves 
111 the prec loiis Cad-measures of England and Scotland 'I'hcse give us 
some idea of the ricli verdure which covered the surface of the '^'.'•rtli, 
newly risen from the bosom of its parent waves It was the jxira'dise 
of terrestn.il vegetation i he grand ^nfi/farta, the CalaMttes, and 
other fern like plants, were espec rally typical of this age, and formed 
the wocxls, wliv li were left to grow undisturbed, for as yet no Iiv’ng‘ 
Mammals sec 111 to hive .ip[)eaivcl , everything indicates a uniformly' 
wami, humid icnipcralurc, the only clinialc in which the gigantic ferns‘ 
of the Coal-mlMs,ures c oidd have attained their magnitude In Fig. 

Uie reader has a restoration of the arborescent and herbaceous Ferns 
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trees of the s.ime fiinily, from wlm h it ts reasonable to assume tha* 
the SL.isonal ih.iiif'es were less nhirkeil than they are with iis 

Everything cinnouiices that tlie time occupied in tlie deposition ol 
the Carboniferous lamcstone was one of vast duration •■Professor 
Pliillips caliMlates that, at the ordimiry rate of progress, it would 
rcrpiire 122,400 jears to proihicc only sixty feet of loal Geologists 
bcliLse, moreoser, that the upper coal-measures, where beil has been 
deposited upon bctl, for ages upon ages were arcumulatcil ainder 
< onditions of c ompa native tranquillity, but that the end of this pei lod wasi 
marked by violent convulsions -by ruptures of the terrestrial c nist, 
when tlie rarboniferous rocks were upturned, contorted, dislocated 
by faults, and subsequently ])artu\lly dcniideil, and thus apiiLsir now' 
in depressions or b.isin-shaped c oncavitics , and tliat upon tins de 
ranged and disturbed foundation a fourth geological system, emailed 
Pomu.in, was c onstruc U d • 

i III' fundamental « harw ler of the jieriod we are about to study is 
die immense development of a vegetation which then covered nnuh 
of tlie globe 'I'lie great thickness oP the rocks winch now' represent 
the period in cpiestion, the varielj of changes winch arc observed m 
these rocks wherever the) arc ,net w ith, lead to the com lusion that 
this phase in the harth’s history involved a long succession of tune 
Caial, as we shall find, is (oinjKiscd of the mineralised remains of 
the vegcUtion which nourished in remote ages of the world Buried 
under an enorniciiis thickness of rocks, it has been preserved to our 
cl IV s, alter being modified in its inward nature and external asjiec t 
Having lo>,t a jiortion of Us elepientarv < unstituents, it lias become 
transloriiied into a species of carbon, luipiegnated with those bitu- 
minous sulistaiues which arc the ordinary jiroducts of the slow de- 
c omposiiioii of V c gelahle m itter 

'Ihiis, cod, VI Inch supplies our manufactures and our furnaces, 
which IS the fundamental agent of our productive and oconomic 
iiidusiry — ihe coal which warms our house" and furnishes the g.is 
whic h liglils iKir streets and dwellings— is the suhstanc e of the ]ilants « 
which formed the forests, the vegetation, and the marshes’ "jf the 
nnc lent world, at a iieriinl loo distant for human c hronolog} to cal) ulate 
with aiivthmg like precision We shall not sa) — with some persons, 
who believe that ^ill in Nature was made with reference to man, ancl 
who thus focm a very iniperfec t idea of the vast iinmensit) of creatum - 
that die vegcLibles of the ancient world have lived and muUqily'd 
only, some dav., to pre|xirc> for imii the agents of his economic aild.' 
indiistiial Ol c iqi.itions We shall rather direct the attentum of olir^ 
young reailtrs to the powers ol mexiem science, which can thud, after 

I 
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siifh .1 I )ro«ligimis .interval of time, Irate llie jireusc origin, and state 
mill tin ulinost esaetness, the genera and species of ]ilants, ol nliidi 
rlure ar».,4iow no iclontical representatn es esisting on the ta<c ol tlie 
earth 

Ia.t ns iiitiust, for a moment, and tonsidcr the general (h.ira(tLrs 
uliuh helonged to otir planet during the Carhoniferoiis peiiod 
Meat though not nefess.irilj estessive heat - and estreiiu lumiidity 
„\MrL then the atliihiitcs ol its atmosphere The modem allies ol the 
s|iL« les \\hi(.h formed its vegetation are now only ioiind under the 
l.iiriiiiig latitudes of the tro)ms, and the enormous dimensions in 
winch we tiiul them in the fossil st.ite ]>ruve, on the otliei li.md, that 
the atinosplieTe was saturated with inuistiire Dr 1 ivingstone tells 
IIS that (ontiinial rams, adde^l to intense heat, are the < liiiialic 
c liaiaj teiistie of Kciiiatonal Afnca, wheie the vigorous and tutted 
vegetation tiourislus wliii h is so de'hghtliil to the eve 

It IS i remaikahle i ir< iimstaiii e that conditions of ei|iialih and 
vvlirm climate, coinlmied with 'humidity, do not seem to have he en 
limited to any erne ivirt ol the globe, hut the temperaUire ol the whole 
glohe seems to have heen neaily the s.ime m verv dillcrenl l.ititndes 
I roni the I<c]iiitoiial regions up to Melville Island, in the 'Vntii 
()< ean, where 111 oiir da>s eternal frost ]>re*vails from Spii/hergeii to 
the c entre of China, the c arhoniferous flora is identuoilly the same 
\Mien Novaia beinha and New bouth Wales had a flora much alike, 
when the same speeies, now extinet, are met with of eipial develo|>ineni 
It the ei|natur as .it the pole*, we eannot hut admit that at this e‘poi h 
the temperature ot the glohe vv is nearly alike everywhere h.il we 
now i.dl c/////cr/t’vvas iinkiiovvn m these geological limes 'I’here seems 
to h.ive been then only erne chiiiite ove-r the whole glohe It was 
at a siihsei|iient period, that is, m later 'I ertiary times, that the cold 
began to mahe itsell telt at the terrestrial jioles Whence, then, pro- 
ceecled this general siiperlic lal vv.iniitli, which we now rig.iid with so 
- much surprise^ It w.is a consec|iK’me* of the greater or iii.iier iiillii 
ence of the interior heat of tlie glohe 1 he earth vv.is still so hot m 
itseltjthal the heat which reached it freiin the snn may have lieeii 
iiiappree i.ihle 

\nothcr h) pothcsis, vv hie h h.is l>een ailvanietl with imii.h less c it- 
taini^ than the prec ecling, relates to the c hemic al ee'mpcjsilioii of llie 
fiir_dcirinjS[ the. Carhoniferoiis period Seeing tlie I'liorinous mass of 
Vi gelation which themoverecl the globe, and extendec] from one |>cjIi 
to the other, c onsiileriiig, dso, the great pnipcirtioii ol earlHin .end 
^ livdrngen which exists m the hitimimoiis matter ol coal, it li.is heen 
thoiiglit, and not without reason, that ine atinosjiliere of the period 
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mifilil be riilicr in <nrb<)nic ai ul than the atmosphere of the jircscni 
(lay It lias even been thought that the small niiniber of (especially 
air-breathing) animals, which then IiiimI, might be a(coiiiU>:(i for by 
the presence of a greater proiKjrtion of carbonic- acid gas in the 
atniosjihere than is the case in our own times 'I’liiS, however, is 
pure assumption, loUlly deficient m proof Nothing proics that the 
.itniosphere of the jicriod in cjiicstion was nc her m carbonic acid th,in 
IS the cast now biiicc we are only able, tlieii, to oUcr v.igiie conjec-, 
lures on this subject, we cannot profess with any confidcnrc to enter- 
tain the ojiiiiioii th.at the atmospheric air of the Carboniferous pericxl 
contained more carbonic acid gas than that wlm h we now breathe 
What wc ran remark, with ceruints, as a striking charactenstii of 
the vegetation of the globe (luring this ]>hase of its history, w'as the 
jirocligiuiis dcviIcipiiiLiit whic h it assumed I he i'enis, which in our 
d.i>s and m oiir rlimate, arc most commonly only small jiercnnial 
plants, in the Carbomleroiis age soineliiiics jircsented themselves 
under lofty and even magnific cut forms 

hvery one knows those* inarsb-planls with hollow, c liniinellcd, and 
.irticiilalcd cylindrical stems, whose joints .irc furnished witiramcm 
lirnnoiis, dcnticiil.itid sheath, .ind which bcai the vulgar name of 
niarc's-tail , their friic tific. Hum forming a soi of t atkin I'onijiosed 
of many rings of sc .lies, caiTjmgoii iheir lower surface sacs full ol 
i/cwcx or seeds 'I iiesc humble I’quntin wen represented ihinng 

the Coal-pcnod by bcibiccoiis trees from tv\e'’nly to lliirty feet 
high and four to si\ inches in ^lameter 'I’heir tnmks, chniinelled 
Ic)ugituclm<a 1 ly, and divided transveisely by lines ofarticailation, have 
been jirescrvod to us iluy l>ear llie n.ime of Ctt/tim/lti 'Hie 
engr.iving (Kig ,38) re|iresems one of lliese gigantic' nureVtails, or 
Cakunites, ot the Cwl jieriod, restcjic-d iinckr llic directions of M 
IsugiMie Deslongc bam|)s It is re|iresenud with Us fronds of le.ivcs, 
and Its organs ot true tific alum 'I lu'y sc em to h.ive grown by means 
oi an imdeigroiind stem, while new Imcis issued from the ground at 
intervals, as represented in the eiigniviiig 

'I'lie I.MOpoih of our age are humble jilants, srarccly a yt'Kd in 
height, and most commonly c rc'ejiers , but the Lycoixidiac-caj of the 
ancient world were trees of eighty or ninety feet in height. It was 
the Lephiothuibom which fillcKl the forests 'I heir leaves were Some- 
times twenty inches long, and their ininks a jard in diatiicter Sjjilf 
are the dmiensipns of some siicciniens of f^piiinfeiidron mrina/um'f,hiVi\ 
have bee’ll ‘found Another l.yeopcxl of this jieriod, the Lomatq- 
pMowsnas\inwli, attained dimensions sull more colossal The Hif'd- 
latias soinclinies eve^ceded 100 teel m lietght Herbaceous terns were 
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jlso cxrecdingly 
.iliimd.int, and grew 
lienoatlsthe shade 
ot these gigantic 
trees ' It \vas the 
Liimhination of 
tlu se lofty trees with 
smh shrubs (if we 
may so call them), 
w hu Ii formed the 
forests of tlie Car- 
bonifcnnis period 
'I lie trunks of two of 
the . gigantic trees, 
which flcnirished in 
the forestaof theCar- 
bontferoiis ijcnod, 
arc representCvl in 
I'igs 35 and 40, re- 
(liiLC'd respec lively 
to one fifth and one- 
tenth the natuial 
si/c 

What could be 
more surprising 
than the aspect of 
this cMiberaiit ve- 
getation '--these 
iinmcnsc Sigillanas, 
which reigned over 
the forest ' these 
bcpidodendrons, 
with 'flexible and 
slender stems ' these 
l-omatophloios, 
n hich present thcni- 
selvfts as herbaceous 
' iJlrCS of gigantic ^ 
height, furnished 
>viih verdant leaflets' 
these Calamitcs, 
forty feet high' 
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lig j8 — C^Unulv rcblunxl Ihitty to forty (ea liieh 
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these elegant arheresj eiit herns, with airy fnliage, as linely tut as the 
most delicate lace ' Nothing nt the jiresent day can con\ey to us an 
idea of the prodigious and iniincnse extent of never-t hanging, verdurL 
wliieh elulhed the earlh, from pole to iiole, under the high tem- 
perature which escry where prevailed over die whole terrestrial globe 
In the depdis of these iiiexlricaible forests i>anisUic' jilants were 






I'lg 31^- 1 riiiik Ilf 1 al iiiiitcM OiK AUli 40 — Trunk of SiKiParhi One tenth 

iMlural Ruc II lUiral ^irc. 


suspended from the trunks of the great trees, in tufts or garlands, 
like the wild vines of c ur trojiical forests 'J’liey were nearly all ]iretty. 
fern-like plants Splunophns^ IlymeiHphylfites, S:c , they attached 
tlKinselves to the stems of the great trees, like the orchids and 
Ihonuhame okour times 

. _ margin of the waters would also be c ovcrcxl .with varit|ns 
plants with hglil and whorled leaves, belonging, perh.ips, to the 
i)icoljleclons, Animhti la firtiUs, Sp/irnop/iylhfes, and AsUrophvl!iti\ 
How this vegetation, so imposing, both on aci nimt of the dimen- 
sions of the individual trees and the immense space which they occu- 
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|iic( 1 , so splendid in ils asiiet t, and yet so sini]iIo in its organisation, 
must have difiered from that whit h now cmhelhshLs the eailh ami 
thanus our eyes' It certiinly possessed lhcad\.int.igo t)f si/t and rapui 
growth , but how’ poor it w’as ni species how iinifomi in appearance' 
No rtowers yet aclorned the foliage or ^arlcd the tints of the forests 
iLtemal \crdurc clothed the branches ol the Ferns, the T.yropods, 
and l<(|uiseta, which composerd to a great cstcMit the segetation of the 
age 'i’he forests presented an innumerable collection of indu idiials, 
but very few species, and all belonging to the low er types of \ egetation 
No fniit appeared fit for nourishment, none would seem to ha\e 
been on the branches Sufhee it to say that few terrestrial animals 
seem to have existed yet, animal life was apparently almost wholly 
confined to the sea, while the vegetable kingdom orciipicxl the land, 
wimb at a later period was more thickly inhabited by iiir-brcatbing 
annuals Probably a few winged insects (some rolcoptcra, ortliojitera, 
and neiiniptera) ga\e animation to the air while exhibiting thiir 
vanegated colours , and it wis not impossible but that many piilmom- 
terous molluva (such as land-snails) lived at the same time 

Hut, we might ask, for what eyes, for whose thoughts, for whose 
wants, did the solitary forests grow ? For whom these majestic and 
extensive shades? For whom these siihiime sights ^ What my stcnoiis 
bc'ings eontcmplated these marvels? A question which cannot he 
solved, and one before uliuli we are ovcwhclnud, and our powerless 
reason is silent, its solution rests with Him who s.iid, “ iiefore the 
world was, I am 

'I'he vegetation which covereerthe numerous islands of the ( arbo- 
nitvroiis sea c onsisted, then, of Ferns, of F<|uisclai e.e,of I,yc opocliac em, 
and dicotyledonous ('lyiiinospcmis 'I he Anniilaria .mil Sigillari.ie 
belong to families of the last-named class, winch .ire now completely 
cxlinc t 

'J he AnnulatM were sm.ill jikints wlmli Ho.'iled cm tin* siirf.iie of 
freshwater lakes and ] Kinds , their leaves were vcitu ill.iti , that is, 
arranged ill a great number of whorls, at c.u li artieiilation ol the stem 
with the* branches 'I’he vvc’rc*, on the contr.iry, gnat trees, 

I uiisistmg of a sim]jle tiiink, siirinouiili d with .1 biiiu li or junic le 
eit slender droojnng leivcs, with the Ii.iik often c li.mnelled, and 
disfikiving impressions or s< .irs of the old Ic.iviV whuli, from their 
reseinlflani to a seal, r/i; ////////, gave origin to their 'name Fig 41 
represents the bark of one of these Sigill.m.e, which is often met 
^with in coal-mines 

The Stigmarnv (F'lg 42) were roots of Stgillarine, with numerous 
rootlets placed regularly 111 .1 spiral manner, “ .fiid so articulated," to 
6 * 
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<luote Sir William Dawson, “tliat when they drnpiicil off they left 
regular rounded scars,” or pits These were suspected by Ihong- 
niart, on botanical grounds, to be the roots of Sigillarja, and 
recent discoveries have confirmed this impression bir Charles Lyell, 
in company with Sir W Dawson, examined several erect Si^illaria m 
the sea-1 lifts of the South Joggms in Nova Scotia, and found that 
from the lower extremities of the trunk they sent out Stt^manif .us 
roots, uhuh divided into four juirts, and these .igain tlirew out eight 
continuations, each of whith agciin divided into ]Uirs Twenty-one 



41 Sigiliana Isvigata One lliird naiur il st^ liK 4 — btisniirn One tenth n Aural sue 


specimens of Sigillaria have been found by Sir W Dawson m the 
Coal-measures of Nova Si otia , but the diflcrences 111 the markings 
in different parts of the same tree are so great that this geologist 
regards the greater part of the eighty species of Sigiiitiritc as merely 
provisional ♦ 

'1 wo other gigantic trees grew in the forests of this period these 
were Lepidodendron carmaiunt and Lomalop/Uoios crasstcaule, both 
belonging to the family of Lycopodiaccie, ivhich now includes only 
very small species* The trunk of the Lomatophloios threw out 
numerous braui^hcs, which terminated in thick tufts of linear and 
fleshy leaves • 

'I’he Lepidadciidroiis, of which there arc about forty known 
species, have cylindrical bifurcatotl branches, that is, the branches 

* * Quatl Jout Gio' hoi , tul xxii , p 129 
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were evolved in pairs, or were tliiholomoii\ to tlie loji 'I'hc ex- 
tremities of the bram lies were tcnninated by a fnirtific .ition in the 
lonn of a cone, formed of linear scales, to which the name of 
I fpitlosi7ohus (hig 45) has been given Neverlheless, inanj of these 
brain bes \\erc slcrilc, .md terminated simply in fronds (elon- 
g.itcd leaves) In many of the coiil-fields fossil cones have been 
ioiind, to wine li this name has Vicen 
ifiveii by earliei paloiontologists 
J hey sometimes fonn the ninileus 
(•I nodular, concretionary balls o( 

I lay-ironstone, and are well plea- 
se ned, having a conical avis, 

Mirrounded by scales conipacth' 
imbricated 'I'he opinion of 
liroilgniart is now generally 
.idii]ited, that they are tlic finit 
<ll the Fx’jiidodcndroii At ( cial- 
brcKikdalc, and elsewhere’, these 
have been found ns terminal tijis 
of a branc 1i of a well c liarai terise'd 
I epidodendion Jloth Hooker 
and Hrongniart place them widi 
ihe l•}co]lods, haling cones with 
Minilar spores and sjioi.ingia, like 
dial family Most of them were 
1 irge trees One tree of / Slvtn- 
neail) lilty feet long, w.is 
rouiiil III the J.irrow Collieiy, near 
Newcastle, lying 111 the shale 
l>ir.illcl to t\ie iikine of str.Uifica- 
tion l■’ragnlents of others found 
111 the s.ime shale indicated, by 
the sue of the rhomboidal scars l MM.i...ic„.inu. s.cn.u.rB.. 

whicli c ovc red them, a still greater 

si/e" I epidodeiidron Steriibergii (hig 43) is represented as it is 
found beneath the shales in the collieries of bwina, in Uoheniia 
I'lg represents a jiortican of a branch of f. furnished with 

Jeaves •M Kugene Heslongchamps has drawn the • restoration of 
the Lepidodendron Slernbergu, represented in I'lg 47, which is 
shown entire in Kig 44, with its stem, its brandies^ irunds, and 
Organs of fmetific ation 'I’he Terns eoniiMised a grc:at jiart of the 
vegetation of the Coal-measnre jienod , • , 
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Tlic J'Vrns tlillcr ihiofly in sonit of ihc ilet.iils of tin; lc.if 
PnOphnSf for instance (I; if; 48), h.i\e the loaves onre, twice, or thru e 
yiinnatifid with the leaflets adhering cither by their whole base or 
i)> the centre only , the midnb ninning through to the point 
ytun)ptt'ris*{\'\y^ 49) has leaves divided like Pcioptcris, but the 
iiiidrib docs not icath the apev of the leaflets but divides right and 
It ft into veins Oi/onlophns {\‘\^ 51) has lunnatifid leaves, like the 
last, but Its leaflets adliere by then whole base to the stalk Z«w/- 
itwpUns (I'lg 50) has the Icc^cs sevcr.1l times pinnatifid, the leaflets 



more or less united to one another, and tiie veins retieiilatcd 
Xiiiong the most numerous spcius of forms of the Coal-measure 
peiiod was Sphetiopltits at temisnefoha (I'lg ^2), of whith a magnified 
kat' IS represented Sphenopteris lias twue or thrice pinnatilid 
leaves, the leaflets narrow at the luse, and the veins generally 
.trrafiged as if they radiated from the base , Uit le4flets arc fre- 
•< luently ^v edge-shaped 


Carbonmu-rous lavii'SioM' (Sun 1'i-kioi> ) 

The seas of this epoch included an iftinfcnse ivimber of 
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Kodutcs, hiiiidrul!> uf s|)c< 11.6 of Mollii'tcn, and a few Cnibta' 
cuans and I'lshi-s Ainnn^ the h’lslus Piammoiim and Coii.oslt//\, 
whose massive teeth msiMtcil in the imLhi. were snilalilc for grinding, 
and the IIith>[>lychuts Ah^iUuhthvs, arc the most important 'I'he 
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Molliisia are chiefly liraLhio- 
pods of great si/c 'I'he I’ro- 
chicti attained here exceptional 
dcvelopnicnt, Ptoduitii^ Marltnt 
(Fig 53),/* si.Hii-nthulalm Axv\. 
P gi/^aulciis |}eing tlic most re- 
markable S]»irifc.rs, also, were 
eipially abundant, as Sl>in/ifa 
tii^t/itihs and S g/ahut In 
TinbnU»la hiulata the coloured 
b.mds, which adorned the shell 
of the liMiig animal, have been 
]tfeser\ed to ns 'I'he JieHt- 
whose tonvoliilcd shell 
m some resjieits resembles the 
Nautilus of oiir present seas, 
but without Use hambered shell, 
were then fepresenti'd by many 
spe« ICS, .imong others by litlh- 
/ option wsMiii (I'lg 51), and 
Ji fimlcns (I'lg 5O) \g.iiii, 
among the C e|>halopuds, wi 
lind the Oithoic/as (I'lg 57), 
which resembled a straight 
Xaiitiliis , and ( lonialiles ( G^w//- 
atiti\ nvinliis. Fig 55), a cham- 
liered shell allied to the Am- 
iiHinite, whic h apjiearcd m great 
immbtrs during the Secondary 
cjioc li 

CrusUccans are rare in the 


Carboniferous 1 ainestonc strat.i , 
the genus I’billipsfa is the last of the I'rilobites, all of which became 
exrtnrt nl the»*iosi of this pericMl \s to the Radiates,, they consist 
eliielly of ( imciids .mil ( orals. 'I he ( nninds were represented fiy 
the gemn ‘ZV/r/u ;/;/«» and Lyatlioc/ inns We also have in tnese 
rocks many I'olv 'oa 

Among the cords \il the period, wc may include the genera 




abundantly representwl in the Iieds of later geological penods, but 
i^bich already abounded in the seas of the Carlt^nifcroub period We 
s{)cnk of thi; FpraiiuHifirta (Fig 6o), microseopjo* animals, which 
clustered* either in one body, or divided into segments, and were 
covered with a <i»lrareoii->, many-rhainbercd shell, as in Fig 6r, 
Jntsulina eylmdrua 'I'liese ir&itures, which diinftg the Jurassic 
and Cretai^eous periods forinud huge banks and entire masses of 
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■t, S 3 I’rodueiiu Martini Fife 54 — liellerophoii costatus ■‘it; 55- ( 3 allultlle^ cvuliituSi 
Oiii. tliinl nal size Half nut size Nat sizi. 



kiB 56 — licUeriyphon hiulci >. 



rock, began to make their apixiarancc in the pcriocl wliicli now 
engages our attention 
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The plate opposite (Pi \U' X) is a representation of an ideal 
“bcasLapCi” in which some ol the more prominent species, which 
inhabited the seas during itic jieriod of the Carboniferous limestone, 
arc represented CJn the riglit is a tribe of corals, with Tcllcctions 
of dar/ling white the spetics represented are, ncareit the edge, 
the the OurfeUs, ami the Ptyh/tna The Mollusc 

wliiih ociujiies the estrciiiitj ol the eloiigiiteil and conicid tube in the 
shape of a sabre is an Aploicras. It seems to prepare the way for 



^Viiriininifcr'i nf iIk Muim f*t ^I'nnniinifcr'i of the ( liAlka 

tain 1 iiiicstiinc, rormini, the LCiitrt. iiliuiiiiul hy brii^hinK it in watM* 

of an oolitic gram Ptmer 190. Power 121X 


the Ammonite , for if this elongatetl shell w'cre < oiled round itself it 
would rescmVle the Ainmomte and Nautilus In the leiitrc of the^ 
foreground we have fielleroplwn Janhm (l*’ig 56), the NatAiJus 
Komnekn, and .1 J^raJuetus, with the numerous spines which surround 
the shell ('see !• ig 62 ) • 

On the left are other < orals the Cyathoplnlhun with stmight 
cyhndmal stemt , some ICninnites (Cyat/iociiniis and J’iatycf nius) 
wotnd round llic trunk of a tree, or with their flexible stem floating 
in the water Some J ishes, Amblyptenis, move about amongst these 
ireaturcs, the greater nuniher of w’hKh are immovably attached, like 
plants, to the rof k on whi« li they grow' 

In addition, tbic engraving shows us a senes of islets, rising out ol 
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a tranquil sea One of these is ormpiert by a forest, in wliuh a 
distant view is presented of tlu ffcncral forms of the grand vegetation 
lit the period 

• 

It IS of importance to know the rocks formed by marine dcjiosits 
during the ‘era of the Carboniferous lamestone, masiiiuch as they 
ini hide coal, though in nine h smaller quantities than in the siu reeding 
siib-jieriod of the true 1 oal-dejM>sit 'I’hey consist essentiall) ol a 
(Oinpact limestone, of a greysh-blue, and even black colour The 
blow of tlie luimmer causes them to eshale a somewhat fetid odour, 
whiuli is owing to decomposed organic matter the modified substance 
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of the molluscs and /oojihytes ol whiih it is to so great an extent 
coin]iosed, and whose remains are still easily recognised 

In the north of I'ngkind, and man) other \iarts ut the Tlntish 
Islands, the Carbonifercms lainestone forms, as we have seen, lofty 
niouiiUiin-in.lsses, to which the term Mountiun J inuitoHc is sometimes 

applied 

III I>crb)shire the formation constitutes niggeil, ’loltv, ,iJid lan- 
tastic ally-shaped moimtams, whose sunimils mingle with the c louds, 
while Its piclures(|ue character apjieais here, as will as farther north, 
111 the itahs or vallevs where rich meadows, through which the 
mountain sti earns force tlnir wa), seem to be cjosc^d abruptly by 
^ masses pf roc k, rising above them like the gre*) ruins pfsomc ancient 
tower , while the niouiilaiii bases .ire pierced with ea\erns, and their 
sides covered with mosses and lenis, for the grow 4 li. ol whic'h the 
limestone is i>artic'ularly favourable 

'Phe formation is imtaUifcrons, and yields ricli veins of lead-ore in 
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I)crb> shire, Cnnibcrliml, and othci counties of Cbeal Ibil.iin 'I'lie 
rock IS found in Russia, m the north of I'r.inc'e, .ind in Jie1}riiiiii, 
where it furnishes the roinmon marbles, kno^\n as Handers marble 
(Afiirh/i. i/e oxiAJiJ de ptUt amt') I'hese inarblevare also 

<liiarried 111 other localities, such as Rej'iieMlle (I.a Manehe), cither 
for the manufacture of lime or tor orn.imental slonewcirk , one of 
the larieties quarried at Regneiille*, being black, with large yellow 
\eins, IS \ery lirett> 

In hVance, the Cat bomferous T with its sandstones and 
( oiigloiiierates, si lusts and limestones, is largely developed in tin* 
Vosges, in the laonnais, .incl in liingiudoi, often in conlait with 
syenites and iiorphjries, and other igneous roiks, bj whiih it h.islieeii 
|ienetrated and disturbed, and even t/n taum p/iostd in many ways, 
liy reason ol the various kinds of rcxks ol which it is composed In 
the United States the Carbonilerous lainestone formation occupies a 
somewhat grand [losition m the rear ol the 'Mlcghanics It is also 
lound loriiimg considerable ranges in Australia 

In c onseciiieiiec of their age, as c cintiured w iili the Sci ondary and 
'Pertiary limestones, the Carboniferous rocks are generally more 
marked and varied in charactei 'I'he valley of the Meus6, from 
Nainui to Chokier, above 1 tdge, is c ut out of this formation , and 
iiiaiiv ot our nailers will remember witli delight tlic pictiiresipie 
< harirtcr of the sicnerv, esiieeially that of the lelt bank of the cele- 
brated Tivel 111 question 


toVI MfASURIS (.Sl'l!-PI uioi> ) 

'Ibis terrestrial jieiiod is characterised, in a remarkable maiinc'r, 
by the abundaiice .ind strangenc*ss of the vegetation which then 
covered the islands and continents of the whede globe Upon all 
points ui the eartli, as we have said, this flora iiresented a striking 
iinifomiitv In comparing it with the vegetation of the present day, 
the leMrneil 1‘reiuh botanist, M IJrongni.irt, who has given particular 
attention to tlie lloia of the C'oal-measuies, has arrived at the rxin- 
clusion that it juc suited eoiisicktuble analogy with that of the islands 
of the equatorial .yid torrid /one, in vvliich .1 maritime climate and 
elevsiled temperature exist in the highest degree It is behevgd that 
islands were very numerous at this period, that, m short, the dry 
land formed a sort ol vast arc'hipelago upon the gener.d ocean, of no 
great depth, the islands being coiineetcd together and fornicxl into* 
eontinentbas they gradually emergrai from the occKin. 



COAI. MPASVRrS. 


«51 

'I'his flora, then, consists of great trees, and also of many smaller 
lilaiUs, forming a close, thick turf, or sod, when jiarlially buried m 
iiiarbhcs of almost unlimited extent There have been described as 
c haractcruiing the period, 1,700 species of plants belonging to families 
M huh, we haic already seen making their first jpjicar.iiu c in the 
Devonian ]ieriod, but vvhuh now attain a prodigious dcveln]nneiit 
The ordinary ilieotylctlons and monocotyledons — that is, plants hav mg 
seeds with two lobes in germinating, and ]>lant<- having one seed-lobe 
- are almost entirely absent ^ the c ryptogainu , or flow erlcss plants, 
]irulomniate , especially herns, Djropodiarca' and I'tjiiisetai eie — but 
of forms insulated and actuall} exlim l m these same Innnties A few 
(h< ot^lnlonoiis gymnosiK.‘nns, or naked sciil jilants forming genera 
yl Conifers, have comiiletelv dis.ippeared. not onlv fioni the pre'sent 
floiji, but sini e the close of the jienod under c onsideration, there 
being no traic ot tluin m the sue 1 ceding J’cimian flora Such is a 
gi neral view of the fe.itures most < haiai teristic of the Coal period, and 
of the Primary epoch in general It diflers, altogether and absolutely, 
from that of the present ila) , *thc iliui.iti( c oiulition of these 1 emote 
ages of the glolie, however, enables us to tomprelitnil the charat- 
lerislies which distinguish its vegetation A damp atiiK>s[>hcre, of an 
e(|unble rather than an intense heat like that of the tropics, a sofl 
light veiled by jiermcineiit fogs, were favourable to the growth of this 
peciihai vegetation, ot which we search in vain for ain thing stric tly 
aii.ileigoiis in our own clavs 'live nesire'st approach to the climate 
and vegetation propei to the geolc^ical ]>enod which now occiijiies 
our attention, would proKibly be found m certain islands, or on the 
littoral of the Pacific Ocean the island of Chiloe*, lor e sample, where 
it rams during 300 clavs in the >eMr, and where the light of the sun is 
shut out by perpetual fogs, where arborescent herns form forests, 
bencntli whose shade grow herliaccoiis Ferns, which rise three feet 
and upwards above a niarshj soil, which giv-^es shelter .ilso to a m.iss 
of eryptogamir jikiiits, greatly reseiiibhiig, in Us main fi*aUires, the 
flora cjf the Coal-measures 'i’his lloia was, as vve’ li.ivc said, uniform 
and poor m its botanic genera, eoiujiared to the alnindani e and 
variety of the flora of the present time , but the lew tannhes of pl.ints, 
which existed then, indiidcd many more species than are now pro- 
duced in the same countries The fossil Ferns of*the carboniferous 
.strata, for instance, comprehend aliout 690 spccic& while all the 
world contains 3,000 'Ihe gymnosperms, which ncJvv muster only 
twenty-five species in Europe, then numbered more titan 130 
• It will simplify the classification of the flora of the Carboniferous 
epoch if we give a tabular arran^inent adoptefl by the best autho- 
rities . — 
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Dr T iiidlcy 
1 7 hillogeiis 
II Atriwens 


Vnrti^tii irt 


fCryptogaiiioiis Ainplngens, I 

- - or Cdliil'ir Cnplo- j I ilIichs, Scl-wcciU, fuwB* 


( B'n''' • ■ ■ 

, . . ^ Lliib-iniisscs, r«iiiiscti, I'ems 

t riptog-imou. Acrogons ^ , y,<,po.ls llpi.lo.fcn.ltaL 

TTT ! IDiLoUlulonous lijiiiiios- j , ....r ^ 

III. (•yiiinogciis peims . . - - _ j C oiiutrs ami CyLOtls 


( 1 iiLoly Icloiiou-. 
' I iicrnis 


IV. Exogoii!. 

V, Eiidugciii - Moiiouit)lL< 1 uii'i 


Coinposili, I igiiniiii.Kic, I'ln- 
Angios- N liellifcr l,(. niLifer.i', I leiths 
- -• 5 All 1 'uroix.an extipl Com- 

C ftis 

I Palin'., I lilts Aloes Rushes, 
f (jrasbts 


C.'il.'iniitcs are among tlic most abundant lossil plants of the 
Carbonifcrinis period, and otciir also in the Devonian 'I’hcy arc 
lircserved as striated, jointed rvlindntal, or compressed stems, with 
lliitcd channels or furrows at their sidfs, and sometimes siirroiinde.1 
h) a bitnmmoiis . oating, the reiniins of a rortital integument 
were originall) hollow, hut the*. wit) is usually filled iijiwitli a sub- 
stance into whuh they theinstlvts have been loiu tried 'I hey were 
divided into joints oi si’gmcnts, and when broken across at their 
artu Illations the) show a number of striae, origirtatmg in the furrows 
of the sides, and turning inwards towards the centre of the stem It 
IS not known whether this structure was comitttcd with an imperfect 
diaphragm strcUhtd across llit hollow of the stun at each joint, or 
inerel) represented the ends of wViody jjT.ites of vvlii.h the solid part 
«i! the stem is comjiosed 'J heir cstrenntics have been discovcre.! to 
tajier gradually to a jioint, as rcprcsvntcd in C CfJiificcfor»ii\ (I'lg 64), 
or to end abruiillv, the inlerv.ds becoming shorter and smaller 'I’bc 
obtuse jioiiit IS now finind to be the root Calaimtes are rcganled as 
hajiiisetacLOiis plants , later botanists consider that they belong to an 
extinct fainilv^of jilants Sijii/Itviie arc the most abundant of all 
plants 111 the . oal formation, and were those prmcipall) concenicd in 
the act umulation of the mineral fuel of the t'oal-measiires Not a 
mine is opened, nor a heaji of shale thrown out. but there occur fnig- 
ineiits of Its stem, marked estenuill) with small rounded imiiressions, 
ind in the t cnlre* slight tiiberc Ics, with a quint tint lal arrangcnccnt 
I'rom thetubc^ Ks arise long ribbon-shaped bodies, which have been 
traced in some instant cs to the length of twenty feet 

In the fanblV of the Sigillarias we have already presented the baik 
of .S jiage 138 , on iwge 157 we give a drawing of the 

bark of .5 tfmjonms, one-third the natural si/e (Fig 65) 
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In the family of the Asien»i»h>1Iites, the leaf of A /oliosa (Kig 66). 
and the foliage diAnnulaiM oi tfoiia {y\v, 67) are remarkable In 

addition to tliesc, we present, 
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in tig 63, a restoration of 
one of these Asterophylhtes, 
the Sphau>l>hyUum, aftei M. 
taigene Deslongchainps 'I'liis 
herbaceous tree, like the 
Vlalaniites, would present the 
ap])earanie of nn immense 
asparagus, tw enty-five to thirty 
ti.Lt higli It lb rLpresented 
here with Us brandies and 
whidi bear some re- 
semblanie to the leaves of the 
ginkgo The biul, as repre- 
• .eiUed 111 the figure, is teriiiinal, 
and not avilliry, as 111 some 
of the ('alamilts 

If, during the ( 'oal-pcriod, 
the vegetable kingdom had 
rent hed Us iiuMiiiuiii, the 
animal kingdom was scarcely 
ksb amply represented 
Some rtmains have been 
found, but)] in Amcrioi and 
(Icrmany, consisting of por- 
tions of the skeleton and the 
imiircssions of the footsteps ol 
a Reptile, which has received 
the name of Ardiegosaiinis 
In l‘ig 68 lb rLpresented the 
head and neck of An/ny^o- 
satmts minor, found in 1847 
in the Lual-liasin of Saarbruck, 
between Str.isbourgandTreveb 
Among the .inimals of ‘ this 
ptnod we find a few Fishes, 
analogous to those of the 
Devonian formation 'I'hesq 
are the Iloloptyclnm and Mega- 
fuhthys, having jaw- bones 
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annwl with enormous teeth Su\lcsof Py^optem^ h.ue been found in 
the Nortluinibcrland Coal-slulcat Ncwbhani Colherj, and also in tlie 
'^tafTunlshirc Coal-shale 


HectlcsfCockroaches,gra&s- 
hoppers, white ants, May- 
flies, etc , abounded One 
insect had a wing-sprea^l 
uf foul teen inches, and 
anollur species of Jhityo- 
neura had wings twelve 
inches long Spiders and 
land molluscs were plcn- 
tiliil lint bees, wasps, 
iHittcrllies, and moths 
were absent from these 
flowericss forests 

On the o])posite juge 
(I’r XI ) M Riou has at- 
teni\iled, under the dircc- 
luinsofM Deslongt lumps, 
to reproduce the aspec t of 
Nalure during the iieriod 
A marsh and forest of the 
t'lul-pcnod are here re- 
presented, with a short 
an<l tine k segetation, a 
sort of grass coiniioscd of 
herbaceous hern and 
mare’s tail Several trees 
of forest-height raise their 
heads above this ku ustiine 
vegetation 

On tile left are seen the 
naked trunk of a I^pnio- 
ihndion and a Si^^i/larut, 
an arboresi ent hem rising 
between the two trunks 
At the foot of these great 
trees an herlxiceous I'em 
and the detached lOOt 
■of the Stgtl/arta (Stig- 
inaria), with its long 



t cc folios^ 
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arborescent rootlets, extend to the water. On the right is the naked 

trunk of another SigtUarta, a 



^ a ^’7 "Annul tii\ orifoli'i 



Fig CS Held and neck o^^rchegosauniit tinnor 


tree whose foliage ib alto- 
gether unknown, a uSfiAftuh 
phyl/um, and a Conifer^ It 
lb dillicult to describe with 
jirerision the sjieries of this 
last family, the impressions 
jlf which arc, nevertheless, 
very ahiindant in the Coal- 
measures 

In front of this group wc 
see two trunks broken and 
overthrown 'Fliese are a 
J eptdodeud ton and SigtUaria, 
mingling witli a heap of ve- 
getable debns in course of 
tlei umposition, from which a 
ruh luinius will be fonned, 
upon whuli new generations 
of plants will soon develop 
themselves Some herba- 
( eons Ferns and buds of 
Ctdamifes rise out of the 
w. iters of the marsh 

A lew' I'ishcs belonging to 
the period swim on the sur- 
face of the water, and the 
aqii.Uic reptile Atche^osaurus 
shows Us long and pointed 
head as a representative of 
the numerous species of the 
Labyrmthodonorder^Fi^ 68) 
Another AV/j^TUcr^/ci extends its 
rootletsforward, and theprqtty 
AsUrophylhtes, with its finely- 
cut stems, rises above it m 
the foreground “ 

A forest, ’ composed of 
Lcpidodmdta and Calamtles^ 
forms the background to the 
picture 



»59 


FORMATIOS OF BhDS OI COAU 


Forma I ION of Bfos of Coai, 

Coai, ns we have said, is only the result of a partial decomposition 
of the jilants which covered the earth tliiring a geologiuil period of 
iiiiniLnse dyration No one, now, has any doubt that this is its ongin. 
Ill loalmmes it is not imiisual to find fragments of the \ery plants 
whose tninks and leaics tharai tense the Coal-niLasiires, or Car 
honiferous era. Immense triiijj^;! of trees have also been met with in 
the middle of a scam of «oaI In the coal-mines of Trend,* at 
St Kticnne, for instant e, vertical tninks of fossil trees, resembling 
bamboos or large Piiiiiseta, are not only imscd with the coal, but 
stand erect, traversing the overlymg beds of micaceous <-andstone in 
tlie manner represented in the engraving, whith has been reproduced 
I rum a drawing h} M Ad llningni.irt (I'lg 69) 

In Isngland it is the same, entire trees arc found l>mg across the 
loal-betls Sir ( liarles I, jell tells iis+ that in Parkfield Colliery, 
South Staffordshire, there was oiscovered in 1S54, upon a surface of 
about a quarter of an at re, a he'd of coal whith h.us furnished as many 
•is seventy-three stumps of trees with their roots attached, some of the 
lomier measuring more than eight feet in t in umferem e , their roots 
loriued |Mrt of a scam of toal ten mthes thuk, resting on a layer of 

• lay two inches thick, under which was a second forest resting on 
i kind of coal from two to five feet thick I'mlcrneath this, again, 
was a third forest, with large stumps of J e/'uloiiendi a, Cala mites, and 
other trees J 

In the loftj' cliffs of the South [oggms, m the Bay of Fundy, in 
Nova Scotia, Sir Charles J.joll fouiwl 111 one portion of the coal field 
1,500 feet thick, as manj .as si\tj -eight different surf.iics, presenting 
I videiit tr,accs of as inanj old soils ot forests, where the tninks of the 
trees were still furnished with roots § 

AVe will endeavour to eskablish here the true geological origin of 
« oal, 111 order that no doubt m.ay exist iii the iiiimis of our readers 
on a subject of such import.ancc In onle'r to explain the presence 
of coal m the depths of the earth, liiere are oiilv two possible 
In potheses 'I'liis vegehihle dc*bns ni.iv either result from the 
burying of plants brought from af.ir and traiisiioRlcd by nver ot 
mantimc currents, forming iiniiieiise r.ifls, which m.aj have grounded 
m difterent jdaces and been covered siihseaiiiently hj sedimentary 
deposits, or the trees inaj luive grown on the spot ijihere they 

* “ KlemenU of Ueolugj,” p 4S0. f lbi< 1 , p 47<j $ Ibid, 479. g Ibid, p. 483 
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perished, and where thej are now found I.et us examine carh of 

these theories , . i i i 

r.in the I oal-beds result from the transport by water, and bunal 



t ig 6g.— 1 reuil cnal mine, M Si > ticnne 

Kndergroiinilf of immense rafts fomieil of the liiipks of trfes? The 
hypothesis lus ajpunst it the enormous heiRlit which must be con- 
ceded to tlie’ raft, m order to form c o,d-seams as ihii k assume oi 
those which are worked in our collieries If we take mto con- 
sideration the specific grasity of wood, and tlie amount of carbon it 
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ronUins, we find th.ii ihe roal-d<.i»osus laii onlv be nbont seven- 
hundredths of the volume of the onginal wood and other vegetable 
matenals from vvhuh they are formed It vve take into ai<ount, be 
sides, the minierous voids necessarily .irising from the loose king 
of the matt'nals forming the supposed ratt, as (oinjiared with the 
compartness of coal, this may fairly be reduced to five-lumrlrcdths 
A bed of coal, for instance, sixteen fi:et thnk, would have reijiiired a 
raft 310 feet high for its formation ‘Ihcsc ai c unuilations of wood 
could never have arranged wthcmsclvcs with siithrient regularity to 
form those well-stratified coni licds, inaint,iimng a unitnnn thickness 
over many miles, and that are seen in most < oal-fields to he one 
alxive another m succession, sejxiratcd hj heels of s,mdstone or 
shale And even admitting the jMissihility of a slow and gradual 
.accumul.ition of vegetable ckHins, like Ibat whn Ii reai lies the month 
of a nver, would not the plants in that case he buried in great quan- 
tities of mud and earth? Now, in most ot our coal-beds the jiro- 
jiortion of earthy matter docs not cveeed fifteen per cent of the 
entire mass If vve bear in mind, finallv', the remarkable parallelism 
existing in the strattfie^tion of the coal-formation and the slate of 
preservation m wliieli the inqiressions of the most delicate vegetable 
forms are discovered, it will, we think, he proved to demonstration, 
tlut those < oal-scan IS have been formed in perlec t trancpiillitv We 
arc, then, forced to the c onelusion that c oal i exults from the 
mincnilis,itiun of plantx winch has Uiken place on the spot , that ix 
to say, in the very place where the plants lived and died 

It was xuggested long ago hy Ikikewcll, from the occurreiicc of 
the xame peculiar kind of fireclay under e.icli bed of io.il, that it 
was the xoil proper for the produc tion of those plants Irom vvhic h 
coal has been formed ' 

It haa, also, been ]iointed out by Sir W illiam laigan, as the result of 
his observaticins m the South Wales coal-fie’d, and afterwards by Sir 
Henry lie Li Uec he, and subsct]ucnlly c onfinned bv the observations 
' of Sir Charles Lyell in America, that not only m Creat Kritain, but 
in the coal-fields of Nova Scotia, tlie United States, A’c , every layer 
of true coal is co-extensive with and invanabl> underlaid hya marked 
stratum of arenaceous clay of gre*ater or less tliu knexs, which from its 
positipn relatively to the coal has been long knowai to coal-mincrs, 
^mong other terms, by the name of uiidir-c/ay • 

'I'he elay-uedx, “ vvhu h vary in thicknexs from a few inches to more 
than ten feet, are ]icnetTated in all direetionx by a confused and 

" JntcuiUictinn to (Jcology," I)} Kubcrl FijkLUc.II, 5th lcI , |i 179 lS{it 

9 
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tangled collection of the roots and leaves, as tliey may be, of the 
Stigmarta these Iieing frcciucntly traceable to the main stem 

{Si^tffanu), which \ancs in diameter from alwiit two me lies to half a 
foot 'Ihe ni.iin stems arc. ncitiied as occurring nearer the top than 
the bottom ot the bed, ns iisiullyof considcnible length, die leivesor 
roots radiating from them in a tortuous irregul.ir course to c'onsider- 
able clistanc es, and as so mingled with the iinder-c la> that it is not 
possible to lilt out a cnlni foot of it wliic li dots not contain portions 
of the jilant ” (liOgaii “ On tin. C'hamvt *rscif thi beds of Clay imme- 
diately below the Coal-seains of South Wales,” (leol 'rmnsatdons, 
Sec,oncl Senes ml vi , pp 1912 An ac toimt of thc'se beds hacl jirc- 
Mously been published by Sir W T ogaii in the Annii.il Report of the 
Royal InsliliUion of Soiilli Wales for ) 

Krcmi the cireumstaiu e ot the main stem ot the Sigillana, of whuli* 
iht Juotdei has be*en traced to be nieicl> a eontiiuialion, 

it was inferred lij tbe abcjie-menlioned authors, and has subsequently 
been generally rec ogmsed as prob-ibly^the truth, that the roots found 
in the underc lav are nu rely those of the iilmt i^Siigdlttrid), the stem ol 
wlucli is mit Milh in the overljing ccwl-betls — m fact, that the 
mana fmda is only tlie root cjf the Si^dlaua, and nut a distinct 
plant, as was one e supiiosed to be the case 

'l iiis being granted, it is a natural mferentc*to c.onchide that the 
present mdurated under t |,iy is only another condilion c.>t th.it soft, 
silty soil, or of ihatliml) leiigated iiiudch sediment — most likely of 
still and shilloM iialtr -m which the \igetation grew, the remains of 
winch were afterwards < .irliuiiiseii and ccmierled into cod 

In oicIc r thoroughly to I oinprelieiid tlie iihenoineiia of the irnns- 
formatioii into coal of die fori sis ind of the hi rLii eons ))1 ints which 
filled the ninrsJiis and swamps of the .me icnt woild, tiurr is anotlicr 
eonsiclcration lo be |>riscnUcl During the 1 o.i 1 -|>i noil, die terreslri.il 
rriisi was siibjeitisl lo dferiiaU movemints of elivation .md di|>ris- 
sion (jf the ii\,terrial hcjiiid mass, iiiidir the mipiilse of die solar and, 
lunar atlrac tioiis to w'hic h they would be siibje*cf, .as our se.'ft .vc' now', * 
giMiig rise to i sort of snlitirrancaii tiile, o|)c*nitmg at intervals, more* 
or less widc'lj aiurf, iqioii the wiaki r parts ot the c rust, and procliic'ing 
Lonsiileralile subsideiic es of the gioiind Jt iiiight, pi*rhaps, happen 
that, m c onsKiiie'U e of .1 siilisickm e prodiic ed m sut h a niannir, the 
vegitatioii oV jilie coal-permcl would be submerged, .mil tlie shrubs 

* I'cir Ific •u|liiiioiis iispci tiiifr (Ik S/n'mniM fuonh^, see iMcinruron “TIil’ 
Fornwliisn olT Ibi Kucl,-, in Suiith W ih., mil Smith- Western Fiiglmcl,” hy "'ir 
Henry L Ih It I’ccIk, f* li S , m the “ Mcninirs of the: liculogiiail Sjurvey of 
0''eat liiituii,” v'jI I., >,> 
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.111(1 plants which covered the surfatc of the earth would finallv 
liccomc buried under water Alter this siibnii.r^(.nic lu^w forestii 
sprang up in the same pLuc Owing to .another ^uhiiicrgeiu (., the 
second forests were depressed in their turn, and again lovcred by 
water - It i** prolubly by a senes ol repetitions of this double pile 
nomenon — this subinergencc of whole regions of forest, and the 
dcvLlopineiit upon the same site of new growths of \egctation — tliat 
the enormous ac^cumulations of scmi-decomposed plants, which (on 
stitute the Coal-measures, have been formed m a long senes of ages 

But, has coal been produced from the larger plants only for 
example, from the great forest trees of the penod, surli as the 
1 .epulodendna, Sigill.ana:, C<ii.imites, and Sphcnopliylla ^ That is 
si>arcely probable, for many coal-dcposits contain no vestiges of the 
great trees of the period, but only of I'enis and other herbaceous plants 
of small si/c It is, therefore, ])rcsumablc that tlic larger \ egetation has 
lieen almost un( onnoited with the formation ot coal, or, at least, that 
il has played a minor ]jart in its produttion In all probability there 
existed in the < oal-penod, .is at the ])rcscnl lime, two distinc t kinds 
ot vegetation one lormctl ol lolly forest-trees, growing on the higher 
grounds, the other, lierbaieous and acpialic plants, growing on 
marshy plains. It is tin latter kind of vegetation, ]>robably', which 
li.is mostly furnished the uiaterud for the (oal , in tlie same way that 
iii.irsh-plants have, during historu times and up to the present day, 
supplied our existing peal, whuh nwy be regarded as a sort ot < on- 
temporaiieons iik ipieiit ( oal 

To what iiiodifii atioii has the tigitatiou oi llie ancient world 
been -subjected to attain tlial carbonised state, wlm h i onstitutes i oaP 
riio subiiieTged plants would, at Inst, be a light >iM)iigy mass, in all 
resiiccts rcscnibling the peal moss ol our moors and marshes While 
under vv.Uer, ,ind afterwards, when (overed with sediment, lluse* 
vegetable masses underwent a jiartul den (mi|>ositiun a moist, jiiitre- 
^activc fermentation, ac ( omp.anied by the jirefduetion of miidi 
carbiireUecf hydrogen and (.irlxinic and gas In this way% the 
ludrogen escaping in the form of rarbiircltcu hydrogen, and the 
oxygen in the form of (.-irbonH .mil gas, the larboii became more* 
I oncentrated, and loal was ultimately formed 'I his emission of tar- 
bnrelted hydrogen g.T.s would, probabh, continue afJer the peat-biils 
were buried beneath the str.ita winch were deposited and aci umiilate'd 
u|K)n them 'I’hc mere weight and pressure of the superincumbent 
mass, s ontimied at an increasing ratio during a long series ot ages, 
haVe given to the coal its ileiisity and t ompact state 

The beat emanating from the interior ot Uietglobe would, also, 
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exercise n great influence upon the final result It is to these two 
causes — tliat is to s.iy, to pressure ami to the c entral heat- that we 
mav attribute the differenics which exist in tlie mineral characters of 
vanous kinds of coal 1 lie infenor beds sre tfrici and more com]iait 
than the upper ones , or less bituminous, bee ause their mineralisation 
has been roni]tleted under the influciu c of a higher temperature, and 
at the same time under a greater prt'ssiirc 

An e\])criinent, attempted for the first time in 1833, at Sain-IIel, 
afterwaidb rejieated by M t agiiiard«v.le la lour, and completed it 
S<iint-I<ltiennc by M Barouher m 1858, fully demonstrates the process 
by which c oal was formcHl '1 hese gentlemen sue cceclccl in pruduc mg 
a very compact coal artifu lally, bv subjecting wood and other \ cgcLible 
siibstmces to the double inihienec of heat and jircssurc (ominned 
'I'he apjiaratus employed for this experiment by Af Ikiroulior, at 
Samt-Ktionne, allowed of the c'xjKisiirc of the strongly compresbed 
vegetable nutter enveloped in mnisl clay, to the mfliieiicc of a long- 
continued temperature of from 200" to 300“ t Centigrade This 
ap])aratiis, without besng alisolutely closed, offered obstacles to the 
escape of gases or vapours m siuli ,1 inaniier that the dec omposition 
of the organic matters took place in the ineduiin saturated with 
inuibtiire, and under a pressure ivhich pre\ ented the escape of the 
elements of which it w'as comjiosed By placing 111 these con- 
ditions the sawdust of various kinds of wood, jirodiu ts were obt.iined 
which rcbciiiblcd m many i cspcc ts sometimes bnlliant bhining co,il, 
and at others a dull coal These differciu es, moreov'er, varied with 
the londitions of the csiierinieiit and the n.iture of the wood em- 
ployed , thus explaining the striped appearance of coal when com- 
posed alternately of shining and dull veins 

When the blems and leaves of ferns are compressed between beds 
of clay or po/ziiokma, tliej are decomjxjsed by the pressure only, and 
form on these blocks a c arbuiiac eons layer, aiicl impressions bearing 
a close resemblance to those which blocks of coal frecpieiitly exhibit, 
These last-mentioned expenments, which were first nude by Dr* 
rjndall, leave no room for doubt that roal has been iumied from 
the pi lilts of the anc icnl world 

Passing from these spec illations to the t oal-iiieasures - - 
I his formation is composed ol a sue cession c>t beds, of vinous 
thic knesscs, c-onsisting of sandstones or gritstones, of clays and slules, 
sometimes so bituiiunnus abto be inflammable and jussing, m short, 
into an iinperfec t kind ol totj/ 'Hicse roc ks are iiiterstfatified with 
eat h other in sue h .1 manner that they may c oiibist of many altefa 
tions ,Carbon.ite of jnotoxidc of iron (cla^ -ironstone) may also be 
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fonsidcrcd a Loiistiliicnt of ihw formation , its extensive <lissemi- 
nation in loniietUon with eoal in some parts ot (ireat Britain has 
l>ecn of immense adv.int.ii'e to the ironworks of that roiinliy, in many 
[urts ot whieh hlast-furnaics fur the maiiiif.i( tiiru ot nun rise by 
hundriids akingside of tlie coal-pits from winch they arc fed In 
hrance, as is frequently the case in hngland, this argillaceous iron-orc 
only occurs m nodules or lenticular masses, much interrupted , so that 
it IS necessary m the former, as in the latter country, to find other 
ores of iron to supply the* itiundries Fig 70 gives an idea ot 
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the onlinary arrangement of the coal-licds, one of which is seen intcr- 
^stratified between two ])arn11el and nearly hon/onlal -beds of argil- 
lareoiis-sh'ile, eonlammg nodules of cLi} iron-orc a disjiosiiion very 
common in Knghsli collieries The < oal-basin of \\eyron, m hraiuc, 
presents an analogous mode of otciirrenie 

Tlie fre(|iicnt jireseiirc of uirbonate of iron m the roal-measiires 
IS a most fortunate c irc unistanrc for mining indiTstry When tlie 
miner finds, in the same sjjot, the ore of iron and the fuel recjuired 
tor smelting ’it, arrangements for working them can. lie c-sta!)Iished 
under the most favounslile conditions Such is the case ni the coal- 
frt’Ids of (ire.it Britain, and also in I* ranee to a less extent — that 
•s to say, oiilj at "s iint-I^ticmic and Alais • 
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'I lie extent of the Coal-measures m \arioiis parts of the world, 
may be bnelly ami approximatel) stated as tollows - 

KSlIMAILl) ARLA Ul- Till t O VI -MEASURES Ol - '1 HI WORM) 


Vllltul islilcs 

Squire Miles 
420,166 

200,000) 

,, 1 ■{'iiitc'' 'Hill inktiur CotiU 

Ilniish Ill Nuilli Ainciii.1 

2,200 

Grcit ISnlain 

3 .«« 

> rancL 

2,000 

468 

ISLli^lUlIl 

Rhcnisili riiissn iiid SiinrliriRk 

i.SSo 

Wistpliali i 

400 

Rolieinia 

. 620 

Sixoiiy . 

66 

V'.luri.i',, 111 Siriiii 

310 

Riissii 

ir,ooo 

Unknown 

Iblnuls (if tile I'leiliL .111(1 Iii(ii.m Ocean 


IJic Amencnn (ontment, then, (ontaiiib miuh mure extensive 
coal-heUls than iMirope , it jiossesses very nearly two square miles of 
coal fields for every live miles of its siiiiaLC , but it must be added 
that these immense fields of <.o.il have not, hitlicrtn, been productive 
in proportion to their extent 'I'he lolluwiiig 1'ahle represents the 
annual produce of the collieries of Amerii*i and Hiirope — 


itrilisli Islands 


In 18S7 

Ions 

162,119,812 

United States 



116,049,604 

llelguini 

1 rail! e 

C. in Ida 


In 1880 

21,402,949 

19,216,031 

2,026,635 

Uenii iny 

Rusiia 


IS 

7J.<)37.596 

4,650,000 

Au!itria-lliin|;ar\ 



20,779,441 

Spam 


1* 

1,000,000 

Australia* 


IS 

2.83O1I7S 


We thus see that the United States holds a secondary place as 
a coal-producing country , raising far short of one half of the out-put 
of the whole of Europe, and about onc-third less than the quantity 
produced by Great Britain 

The Coal-lneasures of England and Scotland cover a large area , 
and attempts’have been made to estimate the quantity of fuel they 
contain. The estimate made by the Royal Commission on th*e 
loal in the United Kingdom may be considered as the nearest , and. 
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III this Report, pulilished in 1870, it is sUtal that in the asccrtaniul 
cual-fields of tho LnitucI Kingdom there is an aggregate (piantity of 
146,480,000,000 tons of coal, nhuh may be reasonably expected 
to be ava'ilable lor use In the coal-field of South Wales, asreruintd 
liy actual measiircinenl to attain the extraonlinaiy tliu kiiess of 1 1 000 
feet of (Joal-iiieasiires, there are 100 dillerent scams of eoal, 
atfording an aggregate tliukncssof 120 feet, mostly in thin beds, but 
varying from six inches to more than ten Icet I’rofes>-or J Thillips 



estimates the thickness ol the toal-bearing strata ot the north ol 
1‘ ngland at .t,ooo feet , but these*, m « omnion with .ill other c oal fielils, 
eoiitam, along with many beds of the mineral in .*1 more or less pure 
state, intcrstratified beds of sandstones, shale*-, and limestone , the 
real (.oal-scams, to the number of twenty or thirty, not exceeilmg 
sixty feet m thickness in the aggregate The Scottish Ccul measures 
have a thii,l4ncss of .t,ooo feet, with similar interealations of other 
carboniferous rocks 

•The coal-basin of llelguun and of the norih^if France forms .a 
nearly continuous /one from I-mge, Namur, t’harlerc«,'and Mon,s, to 
Valciic lenncs, 1 )ouai, and l{etliHne 'Phe beds of t ool there are from 
fifty to one hundred and ten m number, and their* line kiicss vanes 
'Ironi ten inches to six feet Some coal-fields which arc* situated 
beneath tin* Secondary formations of tlic centre; ,'ind souili of J* ranee 
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the Loire is that which tonUins the greatest total thicknes‘> of coal- 
bed'> the leaiiis there are tw’enty-tu e in number After those of the 
North tjf the Saone-et-Ltnrc and of the \ oire — the ])rmc ipal basins 
111 France are those of the Alher, w'herc verj imjiorlant beds arc 
worked At <’omnientry and Ik;i!cnet , the basin ol llrassac, which 
commences at the confliiciue of the \llier and tlic Alagnon , the 
Ixisin of the Avevron, known b} the colliciics of Deta/eMlIe and 
\ubin , tlie basin ot the (iard, and of (irand -Combe Besides 
these principal basins, there ftit a great manj others of scarcelj less 
importance, which yield annually to France fioiii si\ to setcii million 
tons of coal 

1 lie seams of <'oal arc rarelj found in the hon/ontal position in 
which their original formation took place 1 licy have been since 
iniiUi rnimjiled and distorted, lorcc*il into basiii-shapcd uvitics, w'lth 
minor iiiidukitions, and anbeted b} ninneroiis flexures and other dis- 
turbances. riiej are frequently found broken up and distorted by 
faults, and even folded b.uk on themselves into /ig/ag forms, as 
rcpresenteil in the engraving (I'lg 71, p 167), wbiih is a movie o( 
0(1 iirrence common m all the Coal-measures of Somersetshire and m 
the basins ol Belgiiiin and the north of hrame Vertiial pits, sunk 
on (ail which has been siibjettcd to this kind of (ontortion and 
distiirbaiu c, soiiictiiiics traverse the same bids many times 


o* 
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'Piu name “ I’criniaii ’ was nio|K>sofl In Sii Rodcnt'k I Mimhison, 
111 the ^(.ar l 8 ii, l<jr certain depobiis winch are now' known to tcr- 
niinate ujiwards the great immeval or l*al.tie)/oic Scries* 

'Mils natural group lonsists, in dcsccndnig ortlcr, in (Icmianv, of 
the /cMistem tlie kiiiift r-srhiefer, Rothliegcndc, &c. Jn J''ngland 
It IS usually divided into Magnesian lanicstone or /echstein, with 
siiljordinale Marl sl.ile or kiipfcr-si hiefer, and Kotliliegende The 
chief lalcareoiis iiieniliir ot this group of strata is tenned in Ger 
many the “/eilisUin,’ in Knglaiid the “Magnesian limestone 
hut ns magnesian hrnebtones lime lieen produced at many geological 
jienods and as the (Jerinan /echstein is only a pari of a grouii, the 
other meniliers of wliidi arc know'ii as “ kupler-scliiefer” (“tojiper- 
slale “ Rothtodteliegendc " (the ‘ l,owcr NAi Red’ ot Knglish 
geologists), iSrc , It wab manifest that a single name lui the whole 
was mill li needed l''inding, in his eviinination ol Russia in hairojie, 
that this group was a great and united ]>hjsiral senes of marls, linie- 
btones, saiidsioiies, and eonglomcrales, oecu]>\mg a region imuh 
larger than Frame, ami ot which the Ooiernim-nt of Penn foimecl 
a central jiart, hir Roderick proiKisecl that the name of Permian, 
now in general use, should he thereto a]i|)lied 

Kxtended researches lia\t shown, from thechaiacter of its em 
bedded organic, remains, that it is closch .illied to, but distinc i from, 
the carbonifcrous strata below it, and is eiitireb distnirt from the,, 
overljing 'I’ri.is, nr New Red .Sandstone, wliicli forms the base of the* 
gieat senes of the Secondarj rocks 

(leologi IS, how CM r, not only indebted to Sir Roderick Miir- 
(hisoii lor tills c 1 .issifiialioii and iioincm latiire, but also to him, 
in < onjHiirtion with Proiessor Sedgwuk, lor the name “ 
as an e^pllvnl{'nt to “Did Red Sandstone,” though thp tetidcney of 
later investigation has been to be]>anite the beds incliided under that 
name from those which more stric tly bear that designation 


* See “ Siliim ’ fi is Phthsophtral Afni^ , V‘l \ol . p 419 
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Tlie Penman roiks Iia\t‘ of Luc jears nssiiiucd great intLri.st, 
pai til iiLirly in KngLiiul, iii < onsequem c ol tin. tlieir lorrect 

iJetcrinination aftonls witli rcganl to the pniliabk extent, beneath 
them, ot ‘the eoal-bearmg strata wluih thej oeerhe and rome’al, 
tluis tending to llirun a light upon the diirntion oi our toal liedds, one 
ot the most important tpiestions ol the da\ in loniiedion nitli our 
industrial resoiirees an<l national prospe ril) 

On the Opposite page an ulixd Mew ot the e*aitli during the Per 
mian penod is represented (1> *sl I ) In the bai kgroimd, on the right, 
IS seen a senes of sjemtu and jiorjihj ritie iloines, re’ccntli thrown 
up, while a mass ot stiam and \apour rises m eoluinns tioin the 
iiiiilst of tlic sea, lesulting from the heat given out b\ the poiphjries 
and syenites Having att.iiiud a tertam height in the i ooler atinos- 
|)liere, the eoluinns of steam beiome loiideiised and t.ill in torrents 
of run I he evaporation of waUi in siuh v.isl masses being 
iiei ess inly aicoinpamcd bj an enormous ilisengaguiunl of elee- 
tniity, this imposing stvne of tin primitive world is illuminated by 
brilliant Hashes of lightning, ai < uiiqKinied bv rtverbi rating peals of 
thunder In the ioiegiuuml on the light, rise gioups ol iiee-ferns, 
hepidodendra, and \\alrhias, oi tin prteediiig peiioil On the sea- 
shore, and leH; espostd b) tin letiimg tuU, ire Molhisis and 
Zoophytes pceuliar fo the period, siuli as /Vrii/ffr/z/r, Slmiftia, and 
f'.iuiunfii, prettv' iilaius the /fifito/'/nZ/ifis — wXmh we have 
noticed in our disiiiption ot tin Caibomfeious ag^ are glowing at 
the water’s edge, not t.ir fioiii the sliore 

During the Pe*nnian iieriod thv s'Jiuies ol plants and animals vv ere 
nearly the same .is those alreadv ile’senbed as belonging to the t’ar- 
homferous pvriovl Footprints ot reptilian animals have been loiiiid 
III the Penni.in beds nevir kiinlvvoilh, in the red sandstones ol that 
ige m the Valu of I* dim, .mil ui the s.indstone’s ol t umioikle Moor, 
and other p.irts of Dumfriesshire These footpimts, teigellier willi 
^Ihe 0 (,uirrence of eurrent-markings or rip))hngs, sun-c wi ks, and the 
piltmgs* of rain-ilro|is iinjiresseel on llie siirfaees ol the beds, mdirate 
th.-it they were imide upon damp siirfaiis wliiih afterwards beume 
lined by the sun before the lloodeil waters (overed tlieln with fresh 
deposits of sediment, in the way lli.it now hapjiens during variations 
ot till seasons m in.iny s.i1t Lakes ^ M Ad HrongnTart l^as eleseribed 
the forms of the Permian flora as being mtemiediatc between those 
of the Carboiiilerous period and ol th.u wliu h sueLeec\s' it 

• \ L Riiiisiy, “ On the KliI Rocks of Ivngland ' Qumt yout (ttol Stv , 
\I>1 wvil , p 2\0 * * 
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Although tlio Ferinian flora iiidictites a iliniate biinilar to that 
which ]jrevailed during tlie ( arhoiiifcrous period, it ha-j been pointed 
out by Professor Ramsav, as long ago ns 1855, that the Permian 
lireccia of Shropshire, Worcestershire, &c., affords strong* proofs of 
being the result of direct glaiial ailion, and of the consG<iuent exist- 
ence at the period of glaciers and i< eliergs 

Thai sill li a state of tilings is not inconsistent with the prevalent e 
of a moist, etjuable, and tenijicrite climate, netc’ssary for the pre- 
servation of a lu\iiriaiit flora like tlifh.*i)f llie period in cpicstion, is 
showm in New /eal.ind , whcTe with a climate and vegetition 
ap]>ro\iniating to those of the Carboniferous jienotl, there are also 
glaciers at the present day m the southern island 

Professor K/ng has published a \alunble nieinoir on the Penman 
fossils of Kngland, 111 the Proi ceilings of the I'akeontographieal 
Socict}, 111 which the* following table is given (in descending order) ot 
the Perniuin s) stein of the North of hnglaiid, as tompared with that 
of rhunngia 


Noitlll OP f M>l AM) 


1 HI'KINOIA 


MISKRM fllAKAllPN 


1 Crystillinc, cirth), 1 

comiiacl, ind oolilic > I 
liiriLsCdiK s ) 

2 Ilrccciatc'<liii<l})icuu>i ) , 

brecciatcilliiiicituiKs i “ 

3 PosMlifcrousliiiicsIunc ^ ’ 

4 Cuiiipict liiiicsstoiic i 

^ iMarl->i]att I ^ 

() laiwcr sandstones, and ^ 
saiidbori'iriiiuscoliiurs ( ” 


Stinkstciii 


(lolilic limestones. 


Kaiichw icKc 


I ongloincraies 


L jijier /echslLiii, ui ) , 

I )<>l(iinit-/cchstLin ) 


I ower /cchstein 4, 

Merge I Scliufir or ) ^ 
Knitrcrscliiirti t 

I odic.icgendc 1 


M.irlst lies 

Magnesian limestones 
Kell ami green grits 
with copper ore 
While limestone with 
gypsum and while 
sslt , 


At the base of the system lies a band of/wi'ic unuiiloiu (No 6)^ 
of canons lolours se’paratiiig ihe* -Magnesian lariiestone froni die coal 
m Yorkshire and 1 lurham , sometimes assoi laled with red marl and 
gypsmn, but witli the same obstiire relatioiib m all these beds which 
usiialh attend the c lose of one series and tlie < ommeneement of 
anotlier the imbedded jilants being, in some eases, stated to be 
iclcntic-'l with* those of the Carhiinifcroiis senes In Tliiinngia the 
Roihlugendt , hi ftddyer, a great deposit of red sandslcme ancl con- 
glomerate, associated with porphyry, basaltic trap, and am)gdaloid, 
lies at the base of the system Among the fossils of this age are the 
silieiffed •trunks ul <1 rte-ferns (/ja/i»/////r), the Iwrk of whiih is siir 
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roimckil by <lensL' nid.^scs ot air-routs, nhich oRlii double or r|iiad 
riiplc the <luinietcr of the original stem , in this rcspei t bearing i 
strong rescmblanfc to the living arboresrent ferns of New /ealand 

'I he marl-slate (No lonsibts of hard eakareous shales, inarl- 
slate**, andi thin-bedded limestone, the whole nearh thirtj feet tint k 
in Ihirliain, and \ieldmg many tine specimens of (lanoid and Platoid 
iislies — Prt/ieoiiisiHi, ns Ctr/inant/nts,anA Plaiysomus gt nera 

whith all belong to tin. ( arliuinkFoiis system, and wIikIi I’rufessoi 
King thinks prolMlil) li\ed»a> no great distant i from the shore , but 
the Permian species of the m.u1-sl.atc ot Isngland .ire identital with 
those ol the copper slate of 1 luiriiigia Agassi/ was the first to point 
out a remarkabk pet uliariti in the forms of the fislus whitli lived 
■ before and after this |icrio<l In most hung fishes the trunk seems 
to- terminate in die iiiuldle of the root ol die tad, whosi free margin 
is “homocenal ' (eieniail), that is, ettliLr rounded or, it forked, 
diNided into two i.(|iial lobes In Palironist us, and must I’altcoroic 
lishts, the axis of die bod) istontinucil into the upper lobe of the 
tad, w’huh is thus rends rul unsMiiiiKlru al, as m the liiing sharks 
and btutgsoiis 1 he laltsr fomi, ninth \gassi/ termed “heltro- 
renal ' (unet]iial-t.id) is onb in a itn general wai distimtne of 
Palaeo/oic lishes, suite this astiiiiiutn exists though in a minor 
degree, in many lit mg genera lie sides those ptsl mintiomd I he 
ium]),ut limestone (\'o \) is nth in l*td\/oa I he fossdili lous lime- 
stone (No Mr King t (insiders is a tUip-walei foini.ition, from 
the mimcroiis I’oh/oa wliuli it toiitams One of tliist, Iunt\lttln 
tehfounis, found in iIk Iknniai/ roeks of Kiigland and ('ieiin.in\, 
bOHielinie!i measures tigln inches in width 

Main species ol Molhisea, and estieciall) lir.ii liiopoda. i|i|ieMr 
in the I’ernii.in seas of this age, - uhI /’/ w/z/c/z/j heiiig die 
most 4 harac.teristie 

(Jther sliells now occui whieli h.i\e not bcvii obsened in slnit.i 
iie'wcr than the Ikrmian Stiophahna (\‘\^ 7 is abiiiidaiul) i (’pre- 
sented in the Permian roeks ofOeraiam, Kiissi.i, and I'.ngland, .ind 
imuh more spanngb 111 the \ellow magnesian hmeslom, .ictoiii- 
]i.iiiied by Sf'infera nnanhxia, \t 6 ^/iM/uiniii is widel) ehs- 
seininatctl both in hngland, (.erniim, and Russia, with Luigii/<t 
Civiinen. and other Pal.eo/oic Hraehiopoda H(*ri also we note the 
first ai^ie.irani e of the Oyster, but still in small iiiiiidicis /vzzciA/Az 
re]ircsents Ihe Poly/oa Schizinins h.is been found by Mr limney in 
iho l/'pper Red Permian Marls eif Main licster , but ito shells of anv 
'kind haxe hitherto been met with in the Rotldiegcndu of Laneabhire, 
or ill the \ ate eit ixdeii , . 
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'I'hu brurciatLiI limestone (No 2) and the ( oncrctionnry masses 
(No I ) overlying it (although Professor King has attempted 



tn, 7 ^>^Strti|ilM]o 1 74 ” ( yrtttetr is cle“pri.Nsi 


to separate them) are lonsidcrcd by Professor Sedgwick as different 
lornis of the s.\iiie ro<k I hey contain no foreign elements, hut seem 
to be comi)ose<l of fiagmcnts of the iindcrlMug limestone, No 3 
'some ol the angular masses At 'rjneniouth tliff 



.ire Ino feet m diaintlcr, and none of them are 
nalcr-woni 

Ihe erjstalline or eoni retionary limestone 
(No 1) funiiatioit i' seen iiiKui the < oast of Durham 
and \orkshire, lietwetn the Wear .and the 'lees, 
and Mr King thinks that the chaiartcr of the 
shells and the al)sen« e ot ( or.ils indu ate a deposit 
formetl in shallow water 

'file (ilants also found in some of the Permuin 
strata inchcaitc the neighbourhood of land These 
are land species, .and rhiclly ol genera common 
in the Co.d-measiires Fragments of supposed 
lomferous wooel (generally silitificd) are oceasion- 
ally met with in the Permian red beds of ni<iny 
]Airts of England ’ *■ 

Among the Ferns charactenstie of thepenod 
may be mentioned Sphenopteris duhotoma .and S 
artenn utefoha , Fccoptens Imu htUca and Neut opteris 


Fik 7S - Walchia 
SkiilutlieiQiii 


figured on pp 14^, 144 “ If we are,”' 

says I, yell, “ to draw a line between the Sceundary 
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and PnmArv fossiliferoiis strata, it must lie nm tlinnigli tlic middle oi 
what was one e called the ‘ New Red ' 'I he inrenor half of this group 
will rank as Primary or J’aljco/oie, while its upper member will funn 
the base of the Se< ondary or Mesozoic senes "* Among tht I'ljimeta 
of thc.Perrqian fonnation of Saxony, Colonel \on (lUtbier found 
Catamites gigm and sixty s])ecies 
of fossil plants, most of tliem 
I'crns, forty of which have not 
bein found elsewhere Antong 
these are several spet its of If'at- 
i/na, a gentis of Conifers, of wliu It 
an example is given in l<'ig 75 
Jji their stems, leaves, and < ones, 
they bear some rcsemblanie to the Aramatias, whith have been 
mtrodiiceil from South Anienia into our jilo.isiire-grounds during the 
last half-rcntiir) 

Among the genera enumerated by Colonel X'^on (lulbicr are some 
fruits railed CnniiOiaipoH, and Asterophylhtes and Amiufatia, so 
« hararteristu of the ('.arlioniferoiis age 'I he J tpidodcndron is 
ilso coininon to the Penman rocks of Saxoin, Russia, and'lhunn 
gia , also the A’oegei athm, a family of hrge trees, intcnncdiate 
iictween Cycaids (hig 72) and the Conifers Ihe fruit of one ol 
these is represented in hig 76 

Plkmian Rot Ks - X\ e now' give a skct< h of the [iliv siognomy of 
the earth m Peniiian limes Oi what do the heils ' onsisl ’ what is 
the extent, and vi hat is the inincralogu al constitiumri of the rocks 
deposited in the seas ol the penod ? 'I’he Permian fonnation 
consists of three members, wliicli are in descending order- - 

i Cp]3er I’criman sandstone, or CreJs dcs Vosges , 2 Magnesian 
lainestonc, or /cchstem , 3 lower Red Sandstone, Marl-slate or 
Kupfersc Inefer, ami Kolhliegendc 

* I’he Qics ties Cosges, usually of a red colour, and ficuii ^oo to 450 
feet thit'k, composes all the soutlicni ]iarl of tlie X'osgcs Mountains, 
where It forms freciuenl level summits, wliic h are evidences of an 
.mcifent plain that h.is bce'n acted on by running water It only 
contains a tew vegehible remains 

The Aiagnesian Limestone, J’icrre de mine, or /<*chstvin, so called 
In cujnscfiuciv e of the niimcnnis metalliferous de]>osits Xnet with m its 
diverse beds, presents m h ranee only a few insigmfic;Ant fragments, 
^AUl* in Gcnnany and 1 * ngland it attains the thickness of 450 feet 
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It IS composed of a diversified mass of Magnesian Limestone, gciicially 
of a yellon lulonr, but sometimes nd and liroun, and bituminous 
clay, the last bl.uk .ind fitid I he subordinate rocks consist of 
marl, gjpsiiin, and mllammabit bituminous si lusts 'I'lie btdsofmtirl 
slate arc remarkable for the numbeis ot fieiiihar fossil^tislics whu li 
they contain , and from tlu oi < iirrem e ol sm.ill proportions of argen- 
tiferous giey copper ore, met with in the lutummoiis shales which au 
worked in the distru t of Maiisfcld, in lluiimgta, the latter arc called 
Kufifrrst/iiifet m (icrmany • 4. 

'1 he loic'cr Rid Sttiuhtoiif, whii h attains a Ihu kness of Irc/m 300 to 
600 feet, IS foiinci o\er great jiart ol Clcrniaiu, m the \ osges, aim m 
Kngland Its lossil remains arc few and rare. the\ me hide silic ified 
trunks of ( onifeis, some im])ressions of herns, and I alaiiiiles 

In hnglarid the Permian strata to a gicat c\Unt, i oiisist of red 
sandstones and marls itid the ^lagncsian Limestone of the northern 
counties IS also though to a less degree, assoc lated with red marls 

In I^nc ashiretliiii beels of Magnesian I mieslonc are intersiratilied 
with red marls in the upiier Permian strata, btneaih which there are 
soft Red Svindstones estimated b\ Mr Hull lobe about 1,500 feet 
thick 1 hese are sup])osed to reiireseiit the Rothliegendc, and no 
shells ol any kind ha\e lieen found m them 'Phe uppei Penman 
beds, however, contain a few Magnesian I imesMiie species, such as 
(dm'tlha aniti/Hit, Ph'iiu>f>/wnn cos/a/ti\, St/iizoiini ol>siuni\, and some 
others, but all small .Tiid dw.irfc'd 

'1 he coal-fields of North .ind South St.iflordshirc, 'L’linworlh, Coal- 
brook D.ile, and ol the horesl of Wire, are jiarll} bordered by 
Penman rocks, which lie imtonlormablv cm the* t oal-mcasiircs , as 
IS the case, also, m the immediate neighbourhood of M.mchester, 
where tliei s>kirl the horde is> of the mam coal-field, and consist of 
the Lower Red SaiulsloiK, resting uiu c1ntonn.1l>]> on different parts 
of the* ( oal-measiircs, and oieilaul b\ the pc bblt-lieils ol the I rias 

At Stockport the Peniiuin stnita are slated b} Mr Hull to be 
more than 1,500 feet thii k ' 

In Yorkshire, Nottmgliamshire and Herb) shire, the Permian strata 
arc seated by Mr Aiehne to be divided into (wo I'hicf grouiis, the 
Rothlicgcnde, ol no great thu kness, and the Magnesian laniestone 
senes , the l.ittei ^aeiiig the largest and most imimrtant member of the 
Pcxinian siiie^. in the northern counties of England 'Phe M.agncsian 
Limestone consists there of lwogre.il bands sc']>aRilcd ’bv marls ancf 
sandstone, and i[ii.irried for building and for lime In J)erb\ shire and 
Yorksliire the luagiiesian limestone under the name of Dolomite, 
forms an exe ellcnl Jnnlchiig stone, which has been used in the ron- 
stniction of tl.i Houses of P.irh.iiiient in London 
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In the midland coilntics and on the borders of Wales, the Pcrmicin 
section is difterent from that of NottinghainshirL and the North of 
Ji^ngland . 'I'hc Magnesian LiuiLstoncs arc absent, and the rocks con- 
sist princii^ally of dark-red nuri, brown and red sandstones, and 
i.ilcareoiis'tonglomerates and breicias, which are almost entirely 
tinfossiliferous In Warwu kshire, whue they rest < onforiiiably on 
the Cail-mcasurcs, they ot * upj a very t onsulerable Irac t of ( oiinlry, 
and are of very great thickness, being estimated b> Mr Howell to 
bo 2,000 feet thw k • * 

In the east of Kngland the Magnesian lamestonc contains a 
niiinerous marine fauna, but mui h restricted when Luni]).ired wiUi 
that of the Carboniferous period 'I'he shells ol the former are all 
'small and dwarfed in si/e when iom]i..ired with their congeners of 
Carboniferous times, when such there are, and in this respect, and 
the small number of genera, they resemble llie Ining inolliisia ot 
the still less numerous Luma of the taspum Sea 

Uesidos the poverlv and small si/e of the molliisea the later 
stniL'i of the* true Magnesian J inicstoiu seem to aflord strong indica- 
tions that they may h.ue been deposited in .1 great inland salt lake 
siibjec t to evaporation 

'I he absence of iossils in much of the Inmiation may be partly 
accounted lor by Us deposition m great measure Ironi solution, and 
the uncongenial nature of die* wateis ol a salt lake* may account fur 
the poverty-stricken ehar.ic te*r ol the whole itiolluscan lanna 

'I’lic red c olouring-nialte'r of the rernnan ''andstones and mails is 
c onsielered, by Sir And Rams.i>, to be due to carbonate ot iron 
introduced into the wateis, and .lUcrwards pre*c ijiitatcd as ]ie*roMde 
through the oxidising action of the air and tlie escape ol the larhotiic 
acid which held it in suluticin This c irmnistani i ot the red colniii 
of the I’eriinaii I)e*ds aflords an indication that the red I'erinian strita 
were deposited in inland w'aters unconnected with the mam ocean, 
which waters nwy have been salt or fresh .is the e.ise iii.iy be 

“'rhe Magnesian lamestonc senes ol the* east ol Jsiigland may, 
possibly, have been connected directly with an open se.i at the cciii- 
menccincnt of tlie* deposition of these strata, wh.ilc*\t‘r Us siihseciuent 
history may have been , for the* fish of the* marl strata have* gcnenc-ally 
stilmg affinities with those of ('.arbonifcToiis ajje, some* of which 
were thily .marmc, while others certainly penetrateef shallow lagoons 
bordered by peaty /kits ’• 

• “On tni Red Rocks of Kngland,” by A (J Kamsav Onatl 1 fi»ti Geol. 
Sde,, vul XXVII , p 246 
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There is in(lis]nitable evidence lliat the Permian ocean covereil 
an immense area of the globe In the Permian period this ocean 
extended from Ireland to the Ural mountains (and to^ A\'estern 
America, with its nortliern bound ir} defined by tlie Carboniferous, 
Devonian, Silurian, and Igneous regions of Scotland, Siandmavia, 
and Northern Russia , and Us southern buund.iries apparently 
stretching far into the south ol Isurope (King) 'Ih: ihain of the 
Vosges, stretching across Rhenish Ikn.iria, the Crand Duchy of 
I laden, as far as S.i\ony and Silesia, s%oald be underwater I'hey 
would commiinie.itc with the oeeMii, which (o\ered all the midland 
and western couiUiis ol luigiaiid and |urt ot Russia In othei parts 
of Kurope the conliuciU has varicsl \civ little since the preceding 
Devonian and Carboniferous ages Inl'Yaiuc the icntral plateaux 
would form a great island, which extended towards the soinli, 
prolxibly as far as the focU ul the ihrciues, another island would 
I oiisist of the mass of r>rittan\ In Russia tlie i ontinent would have 
extended itself considerablj towards the east , finallv, it is probable 
that, at the end of the C’arbomfcrous period, the Iklgian continent 
would strcHch from the Departments ol llic Pas-cIC'C .dais and the 
Nord, in hiancc, and would extend uj) to and bejond the Rhine 
in Kngland, the Silurian archipelago, now' hlled ii]) and occupied 
by deposits of the Devonian .cncl Carboniferous systems, would be 
covered with carboniferous vegetation, dr) land would now extend, 
almost without interruption, from Cajie Wrath to the l,nnd’s Knd , 
but, on Its eastern shore, the great mass of the legion now lying less 
tlian three degrees west of (ireenUich w'ould, m a general sense, he 
under water, or form islands rising out ol the sea M|)Iionse Kseiiiiros 
thus eloeiuciUly closes the eha]iter of his work in wiiu,h he treats ot 
this formation in ICnglanel *' We have seen seas, vast watery deserts, 
become populated, wc have sii*n the birth of the first land and its 
inrrease, ages sue eecding eae h other and Nature m its progress 
advancing amo)ig rums , the anrienl mli.dutants ol the sea, or at 
least their sjioils, ha\e been raised to the siiiiimit of lofty mountains 
In the midst of these vast cemeteries e>f the primitive world we have 
met with the remains of millions of beings , entire spec les sat'rificcd 
to the dcvclo|)mcnt of life Here terminales the first mass of facts 
constituting the infancy of the Hritish Islands Hut great changes ure 
still to produec fhcmselves on this portion of the earth’s surface ” 
Having thus, eleseriheel the J’nmary JifioiA, it may'" he useful, 
before entering* on what is termed liy geologists the Secondary Epoth, to 
glance backwards at the fac-ts which wc have had untlcr e onsieleration 
In this. Primary period plants and aniin.ils .ipiicar for the lirst 
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lime upon the surface of ihc cooling globe W c ha\ e s?iid that the seas 

of the epoch were then inhabited b> the fishes known as Ganoids 
(from yivos gfittri), from the brilliant polish of the enamelled 
scales which covered their bodies, sometimes in a verj lomplicated 
and fantastic manner, by curious Crustaceans, which ap- 

[joar and altogether disap])car in the Primary epoch , by an immense 
({uantity of Mollusca, (lephaloiioda, and Prachiojmda , liy Einrinites, 
animals of curious organisation, which lonn 
some of the most graceful* oTnamcnls of 
our PalneontologK al collet lions 

but, among all these beings, those 
wrhich prevailed — those whuh were truly 
the kings of the organu world w’crc the 
Fishes, and, above all, the Ganoids, which 
have left no animaleil being behind them 
of similar oigani/ation Furnished with 
a sort of defensive armour, the) seem to 
have rtteivid Irom \ature this means ol 
protedion to ensure their existence, anil 
permit them to trium|jh over all the influences which ihre.Ueiied 
tlieni with destriu tion m the seas of the ancient world 

In the Prim.ir}' epoch the living creation was in its iiifanc) No 




78 Rhjiuhnlius tiplKi, side and intenml i» Suit ^Mum jitlk 1 k of ( une- 

villcl a* ifppcr View (same > j Upper view (la is uf I yiiit ktysj , 4, L iltai-couspoint 

c^an under iiiundililc, inlcriiit' siew, from 1 undville (Uutkliuil ) 


Mammals then roamed the forests no hml had yet displayed its 
wmgs Without Mammals, therefore, there was iA> maternal instinct , 
none tif the soft affections vvlmli are, with animals', as it were, the 
precursors of intelligence Without Inrds, also, there < oiild be no 
songs in the air Fishes, Molliisi a, and Crustacea silently ploughed 
tlicir way in the depths of the sea, and the immovable Cnnoid lived 
there l)n the land we only find a few raarsh-frequenling. Reptiles, of 
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^inall si/e — forerunners of those monstrous Saiirians which make their 
appearanie 111 the Swomlary epoch 

'rhc vegcUition of the rnmdr\ ei>och is chiefly of inferior .organisa- 
tion With a few plants ot a higher order, th.it is to say, I)ii otyle- 
clons, t'al.imites, higill.irias, it w.is the I’ryptogamia (also several 
species of Ferns, the I Ainclodendra, l.yt ojioduiccse, and the Equise- 
tacex, and some doiilitfiilly allied foniis, tcmied Noggcralhia), then 
at their ni.i\imiim of ilc\elo]imeiit. nhicli foniied the gre.^t mass of 
the vegetation 

I et US aKo consider, in this short analysis, that iliiring the epoch 
under considcrarion, wh.it we call tiimnL m.iv not have existed The 
same animals .ind the same ]ilants then hied in the polar regions as 
at the eipiator Since we hnd, m the l‘nmar) lonnations of the icy 
regions of Spitsbergen .mil Mehille Islands, nc-irli the same fossils 
which we meet w'lth in tliese s.iiiie roc ks in the torrid /one, we must 
conclude tiiat tlu* teiiipcratiire at this epoc li was iinifonn all over the 
globe, and that the hi .it of the earth itself was siifhcicntly high to 
render inappreciable ihe c.ilonfi( influence of tin* sun 

During this s,ime period the jirogressite cooling of the earth 
occasionecl frequent ruijturc's and clislorntions of the ground , the ter 
restrial crust, in opening, afforded a pass.age for the rocks tailed 
igneous, such as granite, aflerw.'trds to the poiphynts and sjenitcs, 
which poured slow!) through thc;se immense fissures, and formcil 
inouiit.uns of granite and porph>rx, or simple rlcjfts, which siih- 
secpicntK became filled with oMtlcs and metallic sulphides, forming 
wh.it arc now clc*sigii<ited iiiet.iflii \'c iiis I'hc grc,it mounUim-rango 
of Hen Nevis offers a striking example of the first of these phe- 
nomena , through the granite Ixise ,1 distnu t natural section can be 
traced of porphyry ejcc ted through the granite .ind ol syenite through 
the porphjr} 'rhesc geological commotions (wliiili ore .11.1011 eel, not 
over the whole extent of the earth, Init onlv in c^erlam jikircs, great 
movements of the surface) would ap|>ear to have been more* freouent at 
the close of the I’nmarj epoch during the interi.il which form? the 
passage between the I’ninar} and 'iccoiielan e]>CHhs, that is to say, 
between the Permian and tlu 'I n.issic jjenods 'I'he ]ibenomena of 
eruptions, and the « h.iractcr of the rmks called eniptixe, aic treated 
of in an earlier jiartvif this book 

'I'hc coiixuisioiis and dislurbaiiics by whirh the surfjirc bf the 
earth was agitato! did not extend, let it be noted, over the whole of 
Its cm imifcrcnc fe , the eflec ts wxre parti.i 1 and local It would, then, be 
wrong to affirm, as is asserted by many modern geologists, that <he 
disloralions.of the c 1 list .mcl the agitations of the surlacc of the globe 
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(•\tcndeil to both hemi-jiilicrcs, refilling in tlif dcstnu tion ol all living 
cri-aturcs 'I'he Kiiina and Mora of the I’crinian penud did not 
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’differ essentially from the Fauna and Flora of the C’oal-measiires, 
whii li shows that no general revolution ranirred to disturb the entire 
globe between these two e]>oihs Heie, thert as in all analogous 
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CAses, It IS imneiosstiry to in iir to jnj goiKTai lat.u Ijsm to explain 
the p-i-ssatro Irom one epoih to anotlitr H.i\c wc not, almost in our 
om o«n ila), scon certain spot ns ot animals ilic* out anil ^lisappear, 
without the least gcologiral revolution ^ \\ ithout speaking of the 

Beaver, whiih abounileil two tenUines ago on the hanks of the 
Rhone, ami in the (Vvennes, whiih still lived at P.iris in the little 
river MiLvre in the iiiulille ages, its cxistem e heing now unknown 
in these IvtitudLs, although it is still loiind in America anil other 
(Oiintries, we loiilil 1 ite nianj L\aftii>ies of animals whuh have 
become extim t in times bv no means remote Irom our own Siii h 
are the Dnmms and tin, /'/ww /// a, » olossal Innls of New Zealand 
and Madagascar and the whuh lived in the Isle of I'rante in 

1626 L / \us s/Jicm, Lin us Jios // /w/j^iurus, are sjiei les 

of Meal, Deer, and Ox 
which were t oiiteniporary 
with man, hut have now 
hit ome evtim t In hraine 
we no longer know the 
giant forest stag, figured 
h} the Romans on their 
moniii^iLiits, and whuh 
thev had brought from 
I ngland fortln. tmei|uality 
of Its llesh I he hry- 
nianiliean ho, 11, so widel} 
disjierscd iliiring the 
ancient historical jicriod, 
no longer exists among our living racLS, ain more than the Cro- 
codiles /lUinmiiA and /iuiUMiii\ found hv (leoftroy St Hilaire in 
the mummy raves of ancient hg>pt Manv animalt figured in 
the mosaics of Palestrina, engraved and painted .dong with species 
now actually existing, arc no longer found living m our days any 
more than are the Jaons with curly manes, which formerly’ lived 
in Sjna, and jierhaps even m 'I hrssaly and the nortliein parts ot 
(Ireec c hrom what ha]>pens in cnir own lime, we mav infer what 
has taken plaec in times antecedent to the ajipearanc e of in, in . jind 
the idea of sii(c,es^i\e cataclysms ol the globe, must he restrained 
witlnn hoiinils ' Must we imagine a senes of geological •revnhilions 
to arcouiil for'ilie disippeaianc e of animals winch have evidently 
become extmc l in a natural way ? U hat has c omc to pass in our* 
days, It IS reasonable to <oiieIiide, may have taken place in the times 
antciior to. the a]^]}caniULc of man. 
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ni'KiN<, the PmnatY kpoth our nJohc wouM aiipear to have hten 
■ hicfly a|}|jrupri.ttL(l to liLinj's ^\hHh lived in the waters — ahu\e all, 
1(1 the Criistat (.tins and 1 ‘ishis, diirini; the Suomiary Ffoih Uep- 
tflcs seem to hj\ c been its pi< vailin^r inh.ilut.ints Anunals ot thi^ class 
.issiimed .'istonishin{{ dinionMons, and would seem to h.i\e nuilli|>licd 
in a most singular manner , thej were, apparinth, the kings of the 
earth At the same time howevir, th.\t the .inim.il kingdom thus 
( 1 c\ eloped Itself, the \egel.iUon lost miuh ot its inipoitance 

(uolugists have agreed among tluniselvos tndiMile the bexondars 
epudi into three periods i \\wt Luiaeton^ z the ///n/jj/t , 3, the 
Trtassu — a division whuh it is (uinenie'iit to .ulopl 


Ttii IkiAssie, <iR Xi-w Rni I’l-Kton 


This period h.is rc< eivcd the name ol 'I iiassn tieeaiise the rocks 
o| whuh it IS voinpoKevl, win h are fliore fully devclopcil m (■eiinanv 
than either in i’ngl.ind e>r I'lanee, were callee* the 'I’rias (or I nple 
tiioup), li) tlerman writers, Irom Us dnision into three groups, as 
liillovvs, in eleseending order -- 


I M I 1NI> 

''alifcriHis vii(t gyi>>.eou«i 
« slialc>, ani^ s-vlul'itolie 

Wauling' 

''anilspiiu iml i|iiirl/iis< 
(.ongloniei.iU 


tKANir 

^ Miriics iri*4s.s 

( tUiiNi helk ilk in C.iic-iirt* ) 
! irupiiiiiti V 

j liri-s liiginrc 


(iFKMANr 

Keiipcr , 5,500 feet 
Mii'.chciktik 1, 100 flit 
linntcT Samistcin 1,500ft 


'llie fiillow mg has been shown he Dr Kal I lull to he the general 
stu cession ot tire Tn.issu lormatiem in the midland and north- 
wesiirn counties of I'.ngkind, where it attains its gre.ltest M'rtical 
development, thinning away m the elircc tion of the Inenith ol the 
Thames -- 
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s IIM 


RliI iiiil (in' -h ik-i iiiil Raipir 
nnrl-. >.iiiikIiiih.s mu i 
ttiiiK willi IhiU i>r 
r<uk-<ill iiiil i;\|>Mnii, 

iDiit iiiiin;j/ f/^i/ f iiiil 
f ,'niininiiiiJ (1 hi Ills 
lull) 

lIiiiiK IiminiKil k'Ri- litliii 

iiiiUn ''tiiiUtiiiUN iiul Kiiiili. (^) 

mills (M IlllstillUs) , 

jussiiii'iliiwiiM inisiiilii 
mIiiU, Iiiiiuii oi mi- 
ll) ll s lllllslillli . iiitli 1 

iusL Ilf I ill iiiiiiisiiin- 
! luilUl'Iti HI lilLCUR 


Miiiiicii inseis 


W iiiUni; III 1 ilj;hiiil 

liiiR Mm II III '"•ft ’ii'K 


S WIisliiM 


I’l M<n Hills 


Miisiliil- 

kilU 


Miii<'itt.(l sinilsiiiiu I 
(lUtllUllt |H lihlis) I 

Ifniilir n'Mish-liiimn I IJiinIci 


saiiilstoiuswiih i|inii/ 

osi luIiMis, jii-siijM 

inUi l■•lli> 1 llllu.^llL , 

mill a Insi III I ill i- I 

ri-iiiis l)n.i.i.i,i 


SriulsUiii 


( ill .mu 
toiiuilliur 


(irts hifrirrc, 
HI (iris (Its 
VosHtS (in 
l«il) 


I ||\M U Mm 1 1 I 11 I’liKhi rill mil \ ini - 

*sVMisloM yaltil siiiilstiiiu (iMili- 

( Hill Jitlllllts) I 


'I III h I'l I.MLXN 


I OWLK 


Kill mills, Willi linn i^ctllSitLIll 
lllllllisl Ills stilll lulls 

liiiii stijiii s (M nil lics- 
tir) 

Kill 111)1 iiiitgiUd s,im1- 
stimt(( iillyhiirsi.M m- 
tlitsttr; rt|iix.stii(ci| hy 

RuilHisli hniwii Hill pill ,Kollii- 
plt saiiilsliiiits mil todtu- 
iiiiils, widi tikiriHiis lieguntc 
tiiiiglomunlus anil 
tiippmil liritiia (Cun- 
Iril (.utiiUii-s) 


(iris cl ub 
Nhs|;ls' (hi 
pir.) 
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In tills new phase ol the revolutions of the ({lolic, the animated 
hoiiigs on it.s Siirfai e dirter nuuh from those whit h IjLlonged to the 
Primary epm h 'The curious CnisUceans whiih we ha\e destrihed 
under the name of ’Jii/obifu ha\L diba]>pcari.il , the inulluseous 
(\phalo])oiis .iiid Jiraeliiupods are here few in numliLr, as are the 
(’lanoid and PKunid Pishrt, ^ihosc CMsteme also seeinb to ha\e 
terminaUd during this period, and \cgetalinn has undergone ana- 
logous changes 'J'he erj ptuganiic plants, which reached their iiiaxi- 
inuin in the Primary cpoi h become now less nnincToiis, while the 
Conifers experumed a certain cxUiision boine kinds of terrestrial 
animals have disappeared, but they .ire rcpiaied by genera as 
numerous as new hor the first lime the Turtle appears in the 
bosom of the sea, and on tlie borders of lakes. '1 he Saurian reptiles 
a(i|uire a great development , they prejiare the w.iv lor those enor- 
mous S.aurians, which appe.ir m the following period, whose skeletons 
jiresent such v.ast jiroiiortions, and siuh a strange aspect, as to strike 
with astonishment all wlio cuntcm]ilatc their gigantic, and, so to speak, 
awe-inspiring remains 

The I at uf'atuf ' StoidstoHCf or Hunter, (ontatns man> vegetable, 
but few .anim.ii, remains, although we cunst.uitl) find imprints ol the 
footsteps of the 1 abjrmlhodon 

'Phe lowest Hunter formation show’s itself in hranie, in the 
I'yrenees, around the central pkitlMu in the ^'ar, and upon both 
ll.inks of the Vosges mountains It is rciireseiitcd in south western 
and central Cerm.'iny, in Helgnim, in Sw'it/erland, in .Sardinia, in 
Spam, in Pokaiid, in the 'I'vrol, in Hoheinia, in ^^ur.l\la, and in Russia 

D’Orbigity states, from lus own obser\.alum, that it covers vast 
surfares in the mountainous regions of Itohvia, in Soutli Aiuerua It 
is recognised m the United bt.ites, in Columbia, in the Creat Antilles, 
and m .Mexico 

'Phe Hunter m h'ranre is reduced to the v.inegatcd sandstone, 
except around the Vosges, in the Var, and the Hkick Porest, where it 
IS accompanied by the Muschelkalk In (lermaiiy it furnishes 
hiiilding-stone of excellent qu.vlity , many gi eat edffu cs,, in particukir 
the cathedrals, so nuicli admired on the Rhine — such, for exanqile, 
•as those of Strasbourg and Pnbourg— are constmctetlTof this stone, 
the sombre tints of whudi singularly relieve the grandeur and majesty 
df the (lOthic architcctuTe Whole cities m CieTm.iny are built ot the 
brownish red stones drawn from its mottled sandstone (piaFries In 
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Kn^^hml, in SLDtI.iiul, and in lulind tins tninulion extends from 
north to south through the whole length tif llie Lonntiy “ Tins old 
land ” si}s Sir \nd Ranis ij * “loiisisted in greit iurt of what we 
nun know a-> WalLs and llit adiKiiit luiintusol Ilercfonl, Mon 
niuiith, ind "shiopdiirL , i.it pirt •>! Deionaiid Cornwall, ('iimbeiland, 
the IVnnine cli iiii. and all tae iiioiintainoiis parts of Si olland 
Around old Wahs, and pirt ot ('umlii.il iinl ind prubablv all round 
and oier greit pirt ot he\on and Cornwall, tht \ew' Reil Sanilstone 
was ileposited Rar , at least, ot ifits t>\lest ol the Sei ondary roi kn 
was toniied of the m iterial ol tin older I*al.uo/oi» sirila, that had then 
n&cn.ilioie tin surine ol tin w iier The New Reit S.indstonL senes 
consists in its lower ineinli'rs ol bids ot ted sindstone .iiul t on- 
glomerate, more than i.ooo teel ihuk, ind dime them are ]>Ia< ed red 
and green marls, ihidlv red, whn h m (nimaiu are (-ailed the ICenper 
strati, and in iMis'laml tin New Rid Marl 'These tormalions 
range from the moiuli of the Mersey, romul tin. bonlers of Wales, 
to the (.-^tinry ot the Se\ern eistw iriK into Warn ick shin, and 
thciico nortlinards into Vorkdiin itid Northumberland, along the 
eistorn border ot ihe Mignesiin l,inn.slone 'Tliej also lorin the 
bottom ol tlie valle> ol the lakn and skill (JumiHiland on the west, 
m the centre ol haigland the unequal li irdiiess ol its sub-divisions 
sometimes giMug rise to minor isi irpmeiits, oi drlooking plains and 
undulating grounds ut sober stiata ” 

“ nilterenl member-, of the groiiji nst m I nglaiid, m some region 
or other," sa\s ladl, "on almost c\er\ ])riiuipid member of the 
Pal.Koruii series, on ( anibri m. •silmian. Devonian, ( irbomferous, 
and Permian roi ks , and iIkm iswidenie iverv where of distiirbanee, 
roiitiirtion, parted iqilieav il into Kind, and v.isl denudations which 
the older roiks underneiit liefoie and eiining the deposition of the 
siu ( essive slrat i of the New Red .‘sandstone group ’’ ("Islcmeiits of 
ecology,” p 4}ijr) 

'The Mmcffitkiilk loiisists of beds of rompai t Iiiiii-stone, often 
grcjish. sometimes til n k, .ilti mating null marl and clay, and lom 
monly lonl lining siii Ji iiumhe'rs of suells tli.it the name of shelly 
limestone {Afitu/h/Li/A) has been given to tin form.ation by the 
(Itrmans I he beds .ire sinnelinies migiiesi.in, esperially in the 
lovver strati, vvliiil. lontain deposits of gypsum and roik-salt • 

'The seas ul'tliis sub- pern id, vvhii h is named after, the innirmerablC' 
masses of shells em lose d m the roeks which it re'prcsem'ts, inc luck'd, 
besides great numbers of Nrollusi .1, Saurian Reptiles of many different 

* “The J’hysiiLr Cii.<i(;ra|i]iy ami Oeology iif Orciit Itritam," 2111I cd , ji fio 
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^encrn, turtle like footprints, and various I bhes clothed with a 
( iiirass Ia:t us |iause at the Mullusca which peopled the 'I'riassic 

SC.IS 

Ainoil); the shells cluractcristu of the Mu>>< hclkalk period, we 
nientUJii //ffhea GatllanMt^ Hostellana anitqua, Lima siriata, Avicu/a 
soctahs, Terebt alula vulgtuis, I'utboml/a t/ubia, Alyo/ihoria ^•ulf'arts. 
Nautilus liexat^oual/s, and Cerahlis notlosu\ 'I he Letaiths, of\\hi<h 
a speuLs IS here rejirisented (Fijf 8i), form a genus closely allied to 
ihe Ammomtts, w'hich seeyi h.i\c 
])l.i>ed Miih an im|iort.int jurt in the 
am lent Seas, but which ha\e no cxis- 
teiice in those of our era, either in 
.spenes or even in genus This (.era 

tite IS found in the klusrhelk.dk of S Ak. 

(lerinany, a formation whuh has no 
cquivalLnl in Kngland, but which is a 

(omikut greyish limestone underlying j ^ ^ ‘ • ^Jm 
the saliferous roiks in (Verniany, and B 

im hiding beds of dolomite w ith gypsum /} V/^ 

and n« k salt 

'Ihe Afyltlt, or Afussels, whuh pro- ^ 

lierly bclongeil Uu this .igc, arc .arc- • ' 
phalous for hcudless) Molluscs with 
elongated triangular shells, of whuh 

there are many species found in our Bt LcrtiiiLN mil 

I xistmg seas Lima, AhoA^ioiui, Vast- iMu^hLit-iit i 

ilonia, and Avuula, arc at epluloiis 

Molluscs of the s.ime jicnod 'I'hc two genera Nalua and Rostellana 
lielung to the Clasteropnda, and .ire .ibundaiit in the Muschelkalk 
in h'rani e, ( lerinaiiv , and Pokand 

Among the Kihinoderms belonging to tins period may he men- 
tioned F.mnnus tnoiiihfoi mn and /• lilu/oimu, or hly cucrimte 
(Fig ^2), wliose rcm.nns, constituting m some locahfies whole beds 
of roi k, show the slow ])rogress with which this /ocijihy te formed beds 
of limestone in the c Icar seas of the period I o these mat be .irlded, 
among the Molhisi.i, Asnula Mtlho^lafa and Afyophona I'ul^atis 
•In the Muschelkalk are found the skull ani^ teeth of J'lamius 
, v'C'S .i.reptile whuh was oiigmally placed by .Vgassi/ .utiong the class 
ol hishes , but more perfect specimens have satisfied ivir Rich Owen 
tlijit It was .1 h.'iiirian Reptile 

• It may be .iddeci, that the prc*sence of a few genera, peculiar to 
the Primary epoch, which entirely disai>peared ^uring the sub-period, 
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iiul the ap’iearame for the first lime of some oilier animals pciiiliar 
to the Jtir.issK period, give to the helLtlk iaiina the appearance 
of lieing one ot pabi>age from one jicnod to the otlier 

'I’lic seas, then, Lontamed a few' Reptiles, 
prohably inhabitants ol the banks qf rticrs, as 
Phxlosiun to, Ctipifostiiiriis, &c , and sundry Fislics, 
as Sf'hirnhiut and Pyiiwdus In this sub period 
\\ e shall sa) nothing of the supposed turtle, w hu h 
for the first tihu* vow occurj but wc shoiihl 
note that at the lUiiiter piriorl a gigantic Reptile 
ajipears, cm wliuh the o]iiiiions of geologists were 
for a long while at variance In the argillaceous 
rocks ot the Miisclulkalk ])eriocl ini|>rnits of the 
foot of some animal were disiovercd iii the sajul- 
stnius of Moretoii Mill, in fheshire, .ind in the 
New Red Sindstone ot parts of Uarwu kshire, 
as well as in Ihiinngia. and Hessebiirg m Saxoii), 
which verv much resembled the iiii]>ression that 
might be made iii soft tlav by the outstretched 
tinge Is and thumb of a human hand I liesc 
li.u es were made b> a spei ie*s of Reptile Inrmshed 
with tour feet the two lore-fi eubeitig miieli broader 
than the hinder two the head, ]>elvis, and sin 
]iiil.i onlv of this strangL-lookiiig animal have been 
touiul, but these are considered to have belonged 
to a gigantic lair-briatbing replili closely i on- 
iiec led with the I'latraebians It is thought that 
the head was not naked, but jiiotected b} a bony 
< iisbion that its jans iiere armed iiith conical 
teeth, of great strength and of a c oiii]jIic ated strur- 
^ bi'c 1 his c iiiious and imeouth-lookiiig c realiire, 

ot whiih the woodiiit I'lg S3 is a restor.ilion, 
tig Ba i-nrrii I’csMi iiaiiictl ihc Chcit othenum, m'lAibvrm- 

iiiiif' Ihotlon, from the coin)ilii ateil arrangement of the 

cementing lajer ol the teeth (Seealsol'ig i,]> 12) 
\notheT Rc'jitile of great dimensions -whii h wntdcl seem to have 
bicMi intended to prepare the way tor the appearani,e of the enormous 
.‘'aiinans whieh. presi nt themselves 111 the Jurassic period — ^vas the , 
Ao//it'\iiiirir^, spec ICS of iiianiie Crocodile, of which rt restoration 
Iia> been .ilieniptid in Fr \ ii Xfll opposite 

It has been siip]iosed, trom certain imjiressions which appear iir 
the Kciiper s.indsluijes of the Conneeticut river 111 North Aiiieriea, 
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that Birds made thc'ir aiipcanincc in tlie peri«jd which now ocrupiLS 
us, the flags on which these occur hj thousands show the tracks of 
an aninitd of grcMt si 7 e (some 20 inches long and 4i feet apart), 
presenting Ihe impression of three toes, like some of the'btruthioniclae 
or Ostriches, ^accompanied by raindrops No remains of the skeletons 
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of birds hate been mi.t with m icnks of this period, and the fooi 
prints in question arc now generalK believed to lie those of Dnio^aut », 
birddike reptiles hopping on long hind legs 

M Ad Brongniart places the commencement ot®dicotjlodonous 
gymnosperm plants* m this age Ihe Lhararteristics of this Mora 
consist in numerous Ferns, constituting genera now eNtihc t. sue h as 
Anomoptens and Crematopteris The true Equiseta are rare in it The 
‘Cal'amites, or, rather, the Calamodendra,2!^oysxA The gymnosperms 
are represented by the genera Cumfir, Voltzia, and Haidnt^era 
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of which both “ipccies and tndiMdiials are very numerous lu the 
form itiDii of tins period 

Ainun^ the species of plants which characterise this formation, we 
may mention Neutoften^ e/tgaiis, Calamitts atenaceus^ Voltzia hetf- 
rophylla, Hauitngtta sptaosa I he Htudingaa, belonging to the 
tribe of Aluetifhe, were plants with large leaves, analogous to those 
of our DamtinL growing close together, and ncarlv imbneated, as 
in the Arauiiina Their fruit, which .ire cones with rounded scales, 
are imbricated, and have onh a single seed, thus bearing out the 
strong resemblance winch has been tnued lietweeii these fossil jilaiits 
and the Daiiiara 

The Vo/tzuis (Fig Sj) which seem to have formed the greater 
part of the forests were a genus of Ciipressinacese, now extinct, 
which are well characterised among the fossil Conifers of the penod 
The alteri'Ue spir.il leaves, forming five to eight rows sessile, that is 
sitting close to the branch and drooping, have much in them analogous 
to the Ct vptonht tits 'I'heir Iniit was an oblong cone with settles, 
loosely fmiiricaicd, cuncilorm or wedge-shaped, and, commonly, 
composed of from three to five obtuse lolies. In Fig 84 we have a 
part of the stem, a branch with leaves and cone In his “ Hotanic 
Geography," Lee 04 thus desenbes the vegetation of the ancient 
world in the first jjcriod ot the 'Iriassic .ige “Uliilc the vanegated 
sandstone and mottled clavsvvtrc being slowly deposited in regular 
beds bv the waters, in.ignificcnt Ferns still eOiibited their light and 
elegantly-carved leaves Divers Ftotoptnis and majestic Nt.u}opten\ 
associated themselves in extensive forests, where vegetated also the 
CrematoPtens typica of bchimper, Ammoptens Mon^iotii of Brong- 
niart, and the pretty 'Iricliomamhs myriophyihtm (Goppert) The Coni 
fers of this epoch attain a very considerable development, and would 
form graceful forests of green trees Fdegant monocotyledons, repre- 
senting the forms of tropical countries, seem to show themselves for 
tlie first tune The \ucatei Vosgmacus of Schimpcr constituted 
groups at once thickly serried and of great extent 

“A family, hitherto doubtful, appears under the elegant form of 
Ntlssoma Ilogardt, Schiiiip , Ctems /logctrdtf Brongn It 1$ still 
seen in the ZamUes Vosgestacus, bchimp , and tlie group of the 
Cjcads sharing at once in the organisation of the Conifers a.*id the 
elegance of the Palms, now decorate the earth, which reveals in thesu 
new forms jVs vast fecundity (See Fig 72, p. i68 ) ' 

“Uf the herbaceous plants which formed the undergrowth of the 
forests, or which luxuriated in its cool marshes, the most rcmarkablle is ' 
the /EihtephylfumspMosum, Sc-himp Their organisation approximates 
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to the Lycopodiatea: and I'lupliaiea;, die xltpulaiCy 

Brongn , and the curioub Sihizoneura panuioxa, St lump Thus wc 
can trace the commencement of the rtigii of the Dicotyledons with 
naked seeds, which afterwards become so nidely disseminated, in a 
few Angiosperms, composeti pnncipally of two families, the Conifers 
and Cj tadeacere, still ropresonto*! in the existing \ egetation The 
funner, very nhiimlint at first, associated themselves with the cellular 
Cryptogims, which still ahotmd, Jthuiigh they are decreasing, then 
with the C) t aileacCii:, which present themselves slowly, hiit will soon 
be obsersed to take a large part in tlie brilliant harmonies ol the 
vegetable kingdom ’ 

The cngrasing at page lyt (Pimf XIll ) gives an idealised 
picture of the plants and animals of the period I he reader must 
imagine himself transported to the shores of the Miisrhelkalk sea at 
a moment when its w.ncs are agitated In a Muicnt but pcissing storm 
The reflux of the tide exposes some of the aquatic animals of the 
period Some line 1‘nfrmues arc seen, with their long flexible 
stems, and a few \I\tili and leKbiatiilsc 'I he Reptile w'hirh 
occupies the rocks and jireparcs to throw itselt on its prey, is the 
Noihosaurus Not far from it are other reptiles, its i ongeners, but of 
a smaller species Upon the dune on the shore is a fine group of 
the trees of the period, that is, of HauUn^eras^ with large trunks, 
with drooping brandies and foliage of which the cedars of our 
own age give some idea Ihe elegant IWlsuts are seen in the 
second plane of this curtain of \enlure 1 he Reptiles which Ined in 
these primitive forests, and which would give to it so strange a cha 
racter, are represented by the I abvtii^hodon. which descends 
towards the sea on the nght, leaving upon the sandy shore those 
cunous tracks which have been so wonderlullv preserved to our 
days 

The footprints of the reptilian animals of this i>eriod prove that 
they walked over moist surfaces ami, if these surfaces had beer 
simply left by a retiring title, they would generally have been oblite- 
rated by the returning flootl, m the same manner that is seen every 
day on our own sandy shores It seems more likely that the surfaces, 
on which fossil fpotpnntsare now found, were left l)are by the summer 
evaporation of a lake . that these surfaces were afterwards drfed by 
the sun, and the footprints hardened, so as to ensure iheir preservU 
bon, before' the nsing waters brought by flooded muddy rivers again 
submerged the low Hat shores and deposited new layers of salt, just , 
as they do at the jirescnt dav round the Dead Sea and the Salt I,aku 
of Utall. 
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K.KUPI'K hLB-PTRIOD 

The Ftrmation which charactenseb the Keuper, or saliferous 
penodj IS of moderate extent, and derives the latter name from the 
salt deposits* il contains 

These rocks consist of a \ ast nuinlier ot argillaceous and inai ly 
beds, variously coloured, but diicfly red, with tints of \clluw and 
green 'I'liesc* arc the ( oloiirs ^vihidi gave the name of vart^ated 
(I’oikilitic) to the senes 'i’lie be<ls of red marl often alternate with 
sandstones, which .ire also variegated in colour \s subonlmate 
rocks, we find in this formation some dc]iosits ol a poor pyritic coal 
and" of gypsum But what especially ( haractenscs the formation arc 
the important deposits rjf ro< k-salt wliah are included in it The 
saliferous beds, often twenty-five to forty feet tiiuk, alternate with 
beds of clay, the whole atiaining a thickness of 160 yards In Ger- 
many in Wurtemberg, in 1 * ranee at Vic, at Dieu/e, and at Chateau- 
Shims, the rock-salt of the saliferous fonnation has become an 
important branch of induslry In the Jura, salt is extracted from 
the water charged with chlorides, winch issues from this formation 
Some of those deposits are situated at great cleplli't, and cauiiot 
be reached without yery considerable labour ’I'he salt of AViclic/ka, 
m Austria, for example, can be procured on the surtacc, or by 
galleries of little dejith, because the de])osit belongs to the Tertiary 
period , but the deposits of s.dl, 111 the TnasMi age, he so much 
deeiXT, as to be only a]iproa< liable by a regular j>rot css of mining by 
galleries, and the ordinary m<xlc ot rcat hing the salt is by digging 
Jilts, winch are afterwards idled with water This water, charged 
with the salt, is then jmmjjcd up into troughs, where it is ev ajiorated, 
and the crystallised mmenil obtained 

What IS the origin ot the great dcjiosits ot marine salt which occur 
in this formation, and which always allcrnate with ihm beds of clay 
• or marl? We can only attribute them to the cvajic/ratioii of vast 
quantities of sea-wrater introduc ed into dejiressions, cav ities, or gulfs, 
which the sandy dunes afterwards sejiaralcd from the great ojien sea 
In Pi VI I XIV an attempt is inadeto rejire'-cnt the natural fact, which 
must have been of frecjiient recurrent e during the saliferous period, 
to fi'rm the considerable masses of rock-salt which are now found in 
'the rocks ot the period On the right is the sea, with a dune of 
considerable extent, sejurating it from a trancjml basin of smooth 
water At intervals, and from vanoiis causes, the sexi, clearing the 
dune, enters and fills the Ivisin \\c may even supjiosc that a gulf 
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exists here ninth, at one time, commumeatcd with the sea , the winds 
ha\ ing raised this bandy(lunc,thcgulfbeLomcstransrormed,by degrees, 
into a Immii or bitk-n.iter, closed on all sides However that may 
be, It i-> prett\ rert im that it the waters o'* the sea were onfe shut up 
in this basin, with nn argilLueoiis buttotii and without any opening, 
evaporation from the eflti ts of solar heat would take place, and a bed 
of salt would be the result ot this evaporation, mixed with other 
inineml salts whuh ac<.om|ian} chloride of sodium in sea-water, such 
as sulphate of magnesia, c blonde o^)ol,issiiim, &c. This bed of salt, 
left by the exaporation of the water, ifould soon receive an argil- 
laceous cuseriug from the cla\ and silt suspended in the muddy 
water of the b.iMii thus forming a first alternation of salt and of 
cla) or marl The sea making fresh breai lies across the barriers, 
the same pro< ess took place with a similar msiili, until the Ixisin wa5 
filled up lb the regulir and (rainpiil repetition of this [ihcnomcrfon, 
contimicil during a long succession of ages, this abundant dciiosit 
of rock-salt has been formed, which occupies so important a position 
in the Second ir\ rocks 

There is in the delta of the Indus a singular region, called the 
Rtinn of Cmeh, whuh extends over an area of 7,000 siiiiare 
miles, which is ncMther land nor sea but is under water during the 
moii'oons and in llie dr\ season is iiiii listed, here and there, with 
salt about an incli thick, the result of ct a[)oratioti Dry l.in'1 has 
been largeU increased lu.rc, during the present centurv, b} sub- 
sidence ot the waters and uiihea\als by carilii|iiakes “'ITiat succes- 
si\e laiers ol s.alt ma\ li.nc been thrown down one upon the other 
on mam tliinis.ind si|u.irc miles, in such .1 rLgiuii, is undeniable,' 
sajs I )cll “ Ihe su])ijly of bnne from ihc ocean is .is inexhaustible 
as the sui)ply ot heal from the siiii The onlv assumption required 
to enable us to explain the gre.U ihu kness of salt in such an area, is 
the coutmuaiice for .an indetimte penod of a subsideiuo, the country 
preser\ng all the time a general approach to hori/ont.ality ” The 
observations of Mr. Darwin on the atolls of ihe I'.icifit, prove lh,at , 
such a contmiiiiiis subsidence is j^rokibU Hugh Miller, .iftfcr ably 
discussing various spots of earth whcie, .is in the Kiinn of Cutch, 
evaponition and deposit take place, adds “If we siip])ose that, 
instead of a b.irrier of lava, sand-bars were raised by the surf on a 
flat arenaceous coaii, during a slow and equable sinking of the" sur- 
face, the w itcT", cjt (he outer gulf might on .a=ion.all^' topple bver the 
bar ,and sii])|jU*a frcsli brine when the first stock had been exhausted 
by evaporation ' 

Sir And R.vmsav h.i'. pointed out that both the sandstones and 
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marls of the 'Pnassic e])Oili were formed m hikes In the latter part 
ol this ejioi h, he is of opinion, that the Kciipcr marls of the British 
Isles «eis: de|jositcd in a large lake, or lakes, whith were fresh or 
hrail^ish at first, hut afterwards salt and w'lthout outlets to the sea, 
and that tlie same was occasionally the rase with regard to other 
portions of northern h iirope and its adjoining seas 

By the silting up of siu h lakes with sediment, and the gradual 
evaiioration of their svate^ urftler favourable conditions, such a& 
inrreased heat and diminished rainfall — where the lakes might rense 
to have an outflow into the sea and the loss of water by evaporation 
would exceed the amount flowing into them— the salt or &tUs con- 
,tamed in solution would, by degrees, liecoine roncentratcxl and finally 
prii’cipitated In this w>y the great de{K>sits of roc k-salt and gjpsum, 
lominon in the Keeper foniiation, may be accounted for 

Siibsecpiently, by me reasc of niinfall or dec rease of heat, and 
sinking of the district, the waters liecamc comparative!) less salt 
again, and a recurrence of sue li c onditions lasted until the close ol 
the Keu])er period, when a jKirtial influx of the sea took place, and 
the Rhaitu beds of haigland were deposited 

'J ho red colour of the New Red Sandstones and marls is caused bj 
]icro\ide of iron, which may also have been carried into the lakes in 
solution, as a carbonate, and afterwards converted into peroxide by 
contact with air, ancl prcc qiitatcd as a thin pellicle upon the sedimen- 
lary grains of sandy mud, of which the 'I'riassic beds more or less 
consist Sir And Ramsav further aonsiders that all the red-coloured 
strata of iMigland, me hiding the Penman, Old Red Sandstone, and 
even the Old C'ainbnan foniiation, were deposited in lakes or inland 
waters * 

There is little to he s.iid of the amraalb which belong to the 
Saliferous iieriod 'I hey are near!) the s.iiiie as those ol the Miis- 
' < lielkalk, tVe 

Ammig the most abundant of the shells belonging to the uiipcr 
Trias, m all the t ountrics where it has l>een examined, are the Artin/it, 
Caidtum, and PciUn, one of which is given m iMg S5 Foraramifera 
are numerous in the Keuper ni.irls ’llie remains c)f land plants, and 
Jlie pec uliarities of some ot the reptiles of tlic Keuper ip&nod, tend to 
confiim'thcs opinion of isir And Ramsa), that the stnila were 
deposited m inland salt-lakes • 

• Tn the Keuper period the islands and continents' presented few 

• 

•AC Kamsay, Quart Jour Ceot Sor , vol 27, p. 191 

• ■ 7 * 
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inoiint.iins , they were intcrsectc«l here ami there by lai^c lakes, with 
Hat ami uniforni Kinkt 'I'he vegetation on their shores wo-s very 
abiintlant, and we ]) 0 !isess its remains in f'rcat numbers 'I'he Keuper 
riorn nns lery analogous to those ol the laas and Oolite, and con- 
sisted of Kerns, E»|uisetaeeie, Cyrads, Conifers, and a few plants, 
nhich M All llrongniart classes among the dubious inonoeotyledons 
Among the Kerns may be iiuotesl many spceies of Sphinoplen\ or 
Phoptem Among them, Stuttgai tiensis, a tre-e with 

ihannelled tnink nhich rises to a considerable height nithout throw- 
ing out branches, and teriiiinatc-s in a ifoaii of leaves finely cut and 
with long petioles, the (olummvis^ a gnat Kiiiiiseliim 

analogous to the horse-tails of our age, Imt of infinitely larger diiiieii- 
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sions. Its long Ihitcd trunk, surmounted b) an elongated friic tification, 
towering over all the other trees of the m.irsh} soil, may be named. 

\\\^ I tftophyllum and P A/ww/f; / represented the Cycads, 

the 7ii\oiUfes MuintenaMm represented tJie C’omfcrs, and, finally, 
the trunk of the ( alainiies was io\eicd with a creeping plant, having 
elliptual leaves, with a re-iurving nervatiirc Imrnc upon itk long 
])etiolcs, and the fruit dispusesl in bundles, this is the Pteisslena 
tifUiqua, a doubtful monocotyledon, according to lirongnuirt, but Af 
Unger plat es it in the family of SmtPax, of which it will thus be the 
earliest rcproscntativc 'I he same Imtanist classes with the carfes a 
marsh-plant very ( oinnion in this period, the Pa/tPoxyni AYunshn,' 
which Hrongnlarl d.isses with the Pitmkna among his doubtful 
Monototjlcdoii'- 

The vegetation of the latter ]iirt of the 'I’riassic jienod is thus 
charactcTfscdb)! I eeb*], in his “Ikitanual tleography” . “'I’hc rcllidar 
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CiyptogamM predominate in this as they do in the Carboniferous 
epo< h, but the species have < haugecl, and many of the genera also are 
ilifTercnt, the Clatlephhbn, the SplunopUn^, the Comopterts^ and 
I’eiopltns predominate over the others in the luinibcr of species 
'^he'K<|u^eta('ea: are more develoiied than in any other formation. 
One of the finest species, the Calamites arenaceus of Hrongniart, 
must lta\e formed great forests The fluted trunks resemble immense 
(oltimns, terminating at the s^mmt m leaty bramhes, disposed in 
gniiefiil verticil lated tufts, toreshadow mg the cleg.int fonns of 
if/tfw syfi'ti/ituui tlrowmg .tlongside of these were a curious Fxjui- 
Mluni anil singular Ivimsetiles, a sjici ics of whiih last, J! coliimiians, 
raised its herluccous stc'tn, with its sterile articulations, to a great 
height ^ 

“Wh.it a singular aspect these ancient rocks would present, if we 
adil to lliem the forest-lrccs I'lnophyllum and the Za/nihs of the fine 
laniily of Cycadarem, and the Conifers, uhiili sccni to have made 
their appearani c 111 the hiiimd soil at the StSine time ' 

“It IS during this cjioch, while }et under the reign of the 
dicotyledonous angiospcrins, that wc tlisiover the first true niono- 
lotyledons The J^ietish'iui anuqua, with its long i>et.ils, drooping 
.tiitl (recping round the old trunks, its bunches of bnght-coloured 
berries like the Sun/ax of our own ago, to whuh family it ap[)ears to 
l].iic bclongcil Hesidcs, the 'Irussic marshes gave hirtli to tutts ot 
Pa/iftixyrii Muusten, a < ano-Iike species ol the (iraiiiinc<e, which, 111 
.ill proliabihtv', cheered the ollicrwi^ gloomy shore 

' During tills long period the earth preserved Us primitive vege- 
t:\tioii , new foniis .ire slowly introduced, and thev multiply slowly 
Bill if our jjresent types of vegetation arc deficient in these distant 
cpo< lis, wc ought to recognise also that the yilants which 111 our da>s 
represent the vegetation ol the piimitive world are oilen shorn of their 
grandeur Our K<]iiisel.arc\e and Dycoixidiacen: arc but poor repre- 
si Illative, s of the J .epidodendrons , the C.ilamitcs and Asterojihyllitcs 
had .rire,ady run their race befoie the epoch ol winch we write” 

The principal features of Tnassic vegetation arc represented in 
Ih A I h XIV, jjage 1 9S On the « lilf, on the left of the ideal land- 
s' ajie, the gra(.eful stems and lofty trees are groups of Calamites 
aieAatiUi, below .ire the great “horse-tails" of the OKoeh, hquisetum 
“tolumnaie, ,\ slemler tiperiiig species, of soft and pulpy consistence, 
will'll, rising erect, would give a peculiar ph>siognc)my to the 
sohtnry shore 

.'1 he Keuiicr formation presents itself m Eutoiie at many points, 
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and It IS not dilhciiU to trarc its (ourso In Fninrc it appears in tlie 
l)e|>artments of indre, Clicr, Mlicr, Nic\re, Saune-et-l ^nru , u|Hm 
the western slopes of the Jura its outliers crop out near l\)k('ny, and 
Salins upon the western slopes of the \ os^es , in the Department ot 
Doubs It show's itself, then it skirts the Muschelkalk area in Hautc- 
Marne , in X'osges u assuiiKs lanje pro]iorlions , in Meiirthe at 
laiiiLVille and Dieii/e , in Moselle it extends northward to Hou/on- 
\illo , and on the K.hine to the oast erf^Liixeinliour}' as far ns Dix'ken 
dorf Some traces of it show themseUes upon the eastern sloiies of 
the Vosges, on the lower Khinc 

It .ippears again in Swit/erlind and in Ciermany, in the ranton of 
Basle. Ill Argos la. in the (iraml Diuhs of Wiirteinlierg, in the 'I’jiol, 
and in Viistria, where it goes its nanu. to tin, i ity ul Sal/lnirg 

In the British Islainls tin. Keiiper formation eoinniLniLs in the 
eastern jiarts of Dcioiishire and a hand, more or less regular, ex- 
tends into homersetslnre through tiloiii esttrshire, W on. estersliin , 
Warwuk, Leicestershire Nottinghamshire, to the hinksol the 'lees, 
in Vurkshire, witli a bed. indcpendi.iu ot ail tin. others in CheshirL, 
which extends into Uincashire “ \l Nantwnh, m the ujiiier 'I’rias 
of Cheshire," Sir Charles ladl states, “ two beds ol s.ill, in gre.it ]Kirl 
imniixed with earths nutter, attain the tliiikness ot 90 or 100 het 
The upper surf.i< e of the highest bed is sery lines en, forming loiKs 
and irregtil.ir hgtires Metwi'cn the two in.isss's there inters enes a bed 
ot indurated < las tnsersed by scins of s.ill '1 he highest bed thins 
otf towards tin south-west, losing ^littccn feet of Us thickness in tlie 
<.oiirae of a mile .iciording to Mr Orimrod '1 he hnri/ont.al c.\li.nt 
of these liecK is not exactU known, but tin area containing s.ihfi.roiis 
c laj and sandstones is supposed to exceed 150 mile-, in di.inieter, 
while the total thii.kness of tlie Trias in the s.ime region is estiiiiatul 
by .Mr Oriinrod .it 1,700 feet Ripple-iiurkc d sandstones and the 
footprints of animals .ire obsersecl.it so nun) Its els, that we may 
saftly assume the svhole area to h.ise undergone .1 sloss’ and gradu.il , 
depression during the f<jrm.ition ot the Ntis Keel Sandstone " ' 

Not to mention the im])ort.inc e of salt as a soune ol health, it ix 
in (beat Britain, and, indeed, all oser the world ss'here the s.iliferous 
roc ks exist, a most important br.inc h of industry The quantity of tht 
mineral prcxhiced in l■'ngland, from all sources, is on an aveVage 
2,20.S,ooo tons annually, and the {lopukil ion engaged in prcKliK mg the 
mineral, from wUin tbsiipposed to be iiit xhaustible, isii|>wards of 1 4,000 

'I he lower ktuptr sandstones ss'hich he at the luse of the series 
of red marls, frei|iitntly give rise to springs, and .ire in toiisciiuenc e 
called " w aiei -stoiiesV’ In I.aiicashirc .ind Clieshirc. 
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If tliu Kuii]>lt rnriiMlion is ])oor in orgiinu remains in France, it 
IS Uy no means so on the other side of the Aljis In the ’rytoI» and 
in the reiii.irk.ible beils of S.iint ('assinn, Aiissec, and Il.iIIstadt, the 
roi ks .ire made tip of an iinniense iiiimher of marine fossils, among 
them* Ceph.-ilnpods, Cenitites, and Ammonites of pei iilur form 'llie 
tlrthoeenis, which we have seen abounding in tlie bihirian period, 
ind eontiniied during the deiiusit of tlie Devoni.'in and C arboni- 
liroiis ]ierinds, appears here fertile List time \\e still lind here <i 
gre.it niiniber of ( lastenipAds and ol Lamellibraiielis of the most 
v.iried form Sea Hn Inns and corals of elegant form appear to have 
01 1 npied, on the other side of the Alps, the same se.is which in 
l‘ ranee and (lerinaii) seem to liai'e l>ei*n nearly destitute of .unm.ils 
'Some beds are literally^ formed of acuimiilale'd shells belonging to 
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llie genus .h’uuta but these last-mentioned deposits are to be 
I oiisideTe'd .iv more' jiroperly belonging to the Kli.e'tie or IVn.irtli 
strata, into which the New Red or Keiiper M.irl grachi.illi jusses 
upwards, and which are mure fully desenbed .it ]>.ige' 207 

In following tlie grand iiicHint.unous slopes c,' the Alps and t ar- 
pathians .we disc'over the- s.ihteTous roeks b\ tins remitkable aiciiinii- 
1.1 lion Yif Veiciil.e 'I he same tines pre'senls itsell un.ler 11lenti1.1I 
conditions in Svria, in I111I1.1, in New ('.iledoma, in New /.ealaiul, 
.mil in Austr.iha It is not the Ie.tst euno'is part ol this jiericxl, that 
It presents, on one side ol the site of the Alps, w hie h were not yet 
laistfcl. an mimense ac c imiulatinn of sediment, charged with gypsum, 
■roeks.dt, cS:c , without organic remains, while beyond, a region pre- 
sents itself eciu.illy remark-ible for the extraordinary tiVc iinnilation of 
thes remains Of marine Mollusc a \mc'ng these w.e’ro Alsophvna, 
hiifiitii, which Is often LUiifoiiiidcd with Trigonia, and Shlliipon^ia 
JvirjabUis, * 
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France at this period was stdl the skeleton of what it has since 
become A niaji of that country represents the metamorphic rocks 
occupying the site of the Alps, the Cevennes, and the l*uy-dc-D6mc, 
the country round Nantes, and the Islands of Brittany 'rhe Primary 
rocks reach the foot of the Pyrenees, Cotentin, the Vosges, and the 
Fifel Mountains Some bands of < oal stretch away from Valenciennes 
to the Rhine, and on the north of the Vosges, these mountains them- 
selves being chiefly composed ofVJ'riassir rocks. The English 
Keiiper, unless perhaps in its \ery ii])|)ermost lasers- those which 
merge into the so called “ Rhxtir or Pciiarth siib-pcnod is almost 
devoid of fossils, g>psum and ruck salt heing Us most remarkable 
products 
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RIIy^^TIC, OR PbWARTH SUB-PERIOD 

Tkf atti'ntinn of geologists has been directed within the last few 
years, more (.speciall), to a series of dejiosits which intervene between 
.the New Red Marl of the 'I'nas, and the blue argillaceous limestones 
anfl shales of the laiw^r Lias I'he first mentioned beds, although 
they attain no great thu kness in (Ircat Hntain, nevertheless form a 
well-defined and iiersistent /one of strati between the nnfossiliferoiis 
’I'nassic marls and the lower I lassu limestone with Ostrea Itassua 
and Ammonttfs plamrhiSy A angiihtHs and A BuikUmdt being 
ever) where characterised by the presence ol the same groups ot 
organic remains, and the same general lithological character of the 
beds 'I’hesc last may he dcscrilied as consisting of three sub- 
divisions, tile lowcEiiiost com[)osed of alternations of marls, clays, and 
marly limestones in the lower part, forming a gradual passage down- 
wards into the New Red Marls upon whic h they repose 2 A middle 
group of black, thinlv laminated or paper like shales, with thin layers 
of indurated limestone, .and frowdi;<i m ]>1accs wilh/’cc/f// l'itlonunst\, 
Cartiinm Rhttticum, Avnitla amtotia, and other 1 haracterislic shells, 
as well as by the jiresencc, lUMrlv alwj}s, of a remarkable bed, which 
is commonly known as the ** Uonc-bed ” 'Ihis thin band of stone, 
which IS so well known at Aust, \\mouth. We stbiir>'-on Si vein, and 
clscwlicTe, ik a breccia ted or conglomerated Imncl of variable thick- 
ness whuh, sometimes a sandstone and somclnaes a limestone, is 
.ilwayj more or less composed ol the teeth scales, and bones of 
numerous genera of tishes and oaunans, together with their fossilised 
excrement, which will be more fully described under the name of 
Coprolites, uiieler thu Liassic period. 

'I he molar tooth of a small predaceous fosYl mammal of the 
Mu rolestes family, whose nearest living rejircscntatnsc appears to be 
some of the llypsipryiiiiiicla: or K.ing.iroo Rats of Australia and 
'I'asmama, has been luiiiid by Mr Dawkins in stlmu grey marls 
uiiderlyiiig the bone bed on the* seashore at Watchet, in Somerset 
shire , affording thu earliest known tracx: of a fossil mamiual m the 
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Seronil.ir> roiks Several small teeth helongiii}' to the Kemis Micro- 
lestes have .ilso been disiovered by Mr Charles Moore in a brcMia 
of Rh.etir age. filling a fissure traversing Carboniferous lamestoiie 
iic.ir Krome, and m addition to the discovery of the rc'n<iins of 
Murolestes, those of a luaiiinial more i losely .tilled to the Marsupials 
than any other order, have been met with at Uiegcrloch, south-east of 
Stuttgart, in a remarkable bonc-bretcia, which also yielded coprolites 
and numerous tr.ices of fishes and reptiles 

'ITie uppermost sub-division imliijes tertam beds of white ami 
<rc.tm- coloured limestone, resembling in a]>])e.arancc the smooth 
fi.K ture and iloseness ot texture of the hthogra])liic limestone of 
Soienhofen, and which, known to geologists and iiuarrynieii umkrthe 
name “white has,” given to it by Dr William Smith, was lorinerly 
.ibv.iys (onsiclered to belong to and was im hifleil in, the laas ]>ro])er 
'I'lie most remarkable bed in tins /one is one of only a few im hi's 
in ihiikiiess, but il lias long been known to collet tors, and sought 
•iftcTunder the name ot Cotham Marble or T^indscaiie Stone, the latter 
n,une having referent e to the < uriotis tlentlrUit markings whit h ni.ike 
their appearance on breMkmg the stone at right angles to Us bedding, 
bearing a singular resembinnt e to a lamlstape with trees, water, I'kt , 
while the first n.amu is th.U derived from its occiirrent e ahiiiitlantly 
at Colliani, in the suburbs of linstol, where tlie stone was originally 
found anti ntnit'etl 

'I'his hanil of stone is interesting in antilhor respetl, lietause it 
sometimes shows liy its uneven, crtKlcd, and water worn upper surface, 
that .111 mterv.il took, pl.it o sotin after it h.itl been tlepositetl, when 
the newlv-ftirmesl sttme betaine iwrtiallv dissolvetl, crotletl, t»r worn 
away by w iler, before the slnitiim next in siit cession was tleposilctl 
upon It The same phcnonienon is dis])layetl, m .i more marketl 
degree, in the uppermost limestone or “while has” bed of the series, 
whith not only shows an erotled siirf.ice, but the holes mntle by 
boring Mtilhist s, ex.u tly .is is prudut cd at the jireseiit d.iy by the 
s.inie class of .Iniiiials, whiih excavate htiles in the rocks between 
high- anti Iow-w.iter marks, to serv'c fur their ilwclhiig-plai es, and as 
a protei tioii from the w.ives to their somewhat delicate shells 

The “W'liite laas’ of Smith is the equivalent tif the Koesseii 
betls vvhiih immeih.ilely underlie the Cower ia.i.s tif the Sw,]bi.iii 
Jura, .111(1 have jieen tr.iietl for a liiiiitlreil miles, from Geneva to the 
environs t>t \ iciiiia , and, also, of the Upjier St Cassi.iii beds,' wliuh 
are so i.illed fibin ilieir occiirrent c at St Cassian in the Austrian 
Aljis 

The general cliaractcr of the beries of strata just described, is that 



JiHAit/C, OK PI-NAHrU SUlt-PPh'IOD. 


2C9 


of a flcposit fomiud in tulLr.iIily bh.illutv water In tlic Alps of I.oiu- 
kirdy and the 'lyrul, in I.ii\uml>uurg, m l<raiuu, and, in f.Kt, 
lliroiighdut nearly the whole of iMirojie, they form a sort of fringe in 
the inargiA of the 'J’riassH sea, and, although of t oni^uralis ely in- 
I onsulLrnblp thiLknesb in England, they become high!} developed in 
lamilxirdy, , to an enormous thickness, and constitute the great 
mass of tlie Kha:tian Alps and a considerable j^irt of the well-know n 
beds of St Cassian, and Hallstadt in the Austrian Alps (See 
jugc 205 ) . 

'I'he Rlixtic beds of Fairojic were, as a whole, formcil under very 
different conditions in different arc.is The tliiikness of the str.iUi 
.md the large and wcll-<leveloped fauna (chiefly Mollusc a) iiidiLaie 
Jhat the Rha:tic strata of Lombanly, and other jiarts of the south and 
i.ist of Kurope, were ( 1 ^‘pusited in a broad open ocean On the 
other hand, the c’oinparatively thin beds of this age m Jsngland and 
north-western Istiropc, the fauna of which, besides being jKior in 
geneni and spec les, c onsists of small and dw'arfed forms, point to the 
c one lusion that the) were in great jiart deposited in shallow seas and 
in estuaries, or in lagoons, or in cKiasioiul salt lakes, under eon- 
ditions which lasted for a long jK^nod * 

In consecjiiente of the imiioitance they assume in lannlsirdy (the 
ancient Klnetia), thei name “ Rhnetu Ileds ’ has been given to these 
strata by Mr Charles Moore, Dr 'rhomas Wright has proimsecl tin 
designation “Aviciila contorta /one,’ from the plentiful oitiirreme 
ot^that shell in the black shales forming the well-marked middle /one, 
and which is everywhere ])resent wl^ere this groii|i of beds is found, 
J iilas M.irtin and others ha\ e proposed the term “ Infra has,” or “ I nfra- 
hassic strata , ” while the name “ Penarth Beds " w'as assigned to 
iliese deposits ’in (iresit Uritam by Mr H W Bristow, at the sugges- 
tion of Sir Roclenek Miirehison, in eonseciueiiee of their conspicuous 
appearance and well-esjiose'd sections m the bold headlands and 
c lilfs of that loc .thty, in the British Channel, west of Cardift 
' A 4illl.r deseriptiun of these beds will be found m the Rc*ports of 
the Bath Meeting of the British *kssoc lation (1864). b) Mr Bristow, 
ilso in rommmiK^itions to the G<i>/i>i;fnr/ Ato'^aznii', fcjr 1864, by 
MM Bnstow' and Dawkins,! in pn|)cis read befoie the (jeologic.il 
Socyity by Dr Thomas Wright,^ Mr ( harlcs Moore ,§ and kfr 
.Ralph 'i'ate,j| as printed in their Quiith/fy Jam mil,, and by Mr 

j 

• Si*c A ( Rimsny, “On tin, Phynical Relations of iho’New Retl MsrL 
K-luetle Kisls, miT I/jvrer I las,” Qmul Jom (real Sa , vol VJ, p 1S9 

t "four (/<(>/ iev,, vol xs , 1 396 § Ibid, col wii , |> jbj 

t Ibid, vol XVI , p 374 II B>k 1 ,vo 1 xx., p 103. 
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Kthcrulgc in tlic 'rriinstUtions of the CoIlswoUI Natural History 
Club for 18C5-66 'I'hc limils of the i’enarth Heds were also 
accurately laid down by Mr Urlsto^s in the map of tlie Ceological 
Survey over the district comprised between bath, Jinstul', and the 
Severn, and elaborately detailed tvpual sections of most qf the 
localities in KngUnd, where these beds occur, have been constructed 
by MM Bristow, Ltliendge,* and Woodward, of the ( Ecological Survey 
of (iroat Britain, works which have iiiiirkedly contributed to our 
knowledge of this remarkable and iiAii'rcs,ting senes of deposits. 

* Sheets Nos 46 and 47 of the Geological Survey 
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JURASSIC PERIOD. 

I'liis period, one ol the iiio'^ iir^fiort.inl in tlie physical history of the 
globe, has reiei\ed its name from the Jura muuntains m 1* ranee, the 
Juni range being comjioscd ol the rocks deposited in the seas of the 
]>enud In iIil term Jurassic, the formations designated as the 
.“Oolite” and “bias” arc included, both being found in the Jiini 
inoiintams The Jiirasv period jiresents a very striking assemblage 
ol chanicteristus, both ni its vegetation and in the animal remains 
whidi belong to it , many genera of animals existing in tlie pre- 
ceding age have disappeared and new genera have replaced them, 
ininprising a very specially organised group containing not less 
tlian 4,000 hjiecies 

'1 ho Jurassic period is divided into two siib-pcriods those of the 
Imis and the Oolite 

Till bus 

is, an Isnglish jirovincial name given to an argillaceous limestone, 
w Inch, with marl and tU), forms the base ol the Jurassic formation, 
aiidp.isses almost imiierc eptiblj inlcS the I ovver Oolite in some pl.u'es 
where the Marlstone of the I las partakes ol the mineral character, .is 
well as the fossil remains of the bovver Oolite, and ills sometimes 
treated of as belonging to lb.it fonnatioii “ Nevcrtliclcss, the bi.es 
may he ir.u I’d llirouglioiit a great |)art of Europe .is a scp.trate and 
independent grou]), cif considerable thiekness, v'arjmg from 500 to 
1,000 fcctl, (.ontaining in>iny pex uli.ir fossils, and baviug a very iiiii- 
iorm hthological aspec I ”* The nicks winch represent the bi.issic 
pc'riod form the base of the furassic system, and have a mean thick 
ness of about 1,200 feCt In the infc noi part we tind aigilLiccons 
sandstones, which are eallecl the b.indsloiies of the bias, ,incl compre- 
lieiYtl the greater p.irt of the Qiiadu sandslun, or bulding-stone of the 
■ t lermans, .ibovc svhich * omes com|>aet limestone, argillac eous, bluish, 
and ycllowrsh , finalb, the formation terinmates in .the inarlstones 
winch are soincluiies sandy, and cK'casionally hituminous 

• LycUi *‘i.Ic.iiienls of Geology," p 413 
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The 1.MS, in Kn};LiiuI, is f'cntrallj in three groups, t, the iipixr, 
(lays nnil bh.iles, underlying s.indb , 3. the middle, lias or inarlstoric , 
and the lower, clays .ind limestone , Init these ha\e heen again siib- 
diMiled — the last into SIX /ones each marked by its owfi peculiar 
s]ie( ICS of Ammonites . the sec ond into lliree /ones , the tliinl c c'lKSists 
of c Li} , sh.'ile, and argilKic eons limestone For the piirixises of ( 1 es( rip- 
tionwc shall, therefore, divide the Luis into tlicse three groups — 

1 Upl>er I.MS 67 <M', consists of blue cla\,or shale, containing 
nodular Kinds of cki} stones at the^Mse crowded with Ammoiulu 
si/ptiitiniis, jI hfnvt^, lichmnitis, \c 

2 'I'he MuiJU Luis, lommcml) known as the Marlstone, is 
sunnoimtcd b) a bed of oolitic ironstone, largely worked in 1 (.icester- 
shire and m tiie north of Kngl.iiul ns a v.iliuihle ore of iron 'I he 
unde rl} ing marls nticl sands, the kilter ot which become somewhat 
irgilkueous below, toriii beds from 200 to 300 feet thick in Oorset- 
sliirc and tlloiirestershire . the fossils are Ammonites imirgaritaceui, 

A spinalus, Bth mnites tnpartitus, 'I’he 11 pjier rock- beds, especially the 
bed ot ironstone on the top, are generally remarkably rich m fossils 

3 I OKHK I His (aseraging from 600 to 900 feel in thukness) 

c (insists, inthelowcr]».irt, 
of thin la}crs of bluish 
argillaceous hincstone, 
iltcrnating willi shales 
and (1a}s, the whole 
oicriaid by the blue 
(ki) of which the lower 
iiiLinbcr of the J inssic 
grouji usually c (insists 
'Ihis member of the 
series is well dcieloiicd 
in Yorkshire, at l.)mc 
Regis and ( harmoiith 
in Dorsetshire and 
generally o\ cr the South 

tiB as -(.r)|)iiLi mnini \\ csl and Midland 

(.OLintics of I'.nglaiid 
(ityphtea inatn'a (Fig 88), with sandy bands, occurs at the Ki‘>c, 
.ind in addition Ammonites planorbi\, A Itucklandt, Ostrea tuissha, , 
Lima gigantca, \.c , are also found in the lowrer limcatoncs and 
shales 

Above the clay arc yellow sands from loo to 200 feet thick, under-' 
lying the Iniicstoneof the Infeiior Oolite 'I'liese sands were, until lately, 



THF LIAS 


213 


rnnsulercd to bclonj'to the Litter formation — as they iiniloiibtodlj do 
|)liysually until thtj wen, shown, by Dr ' 1 ’homa.s Wright, cil ('lu. 1 - 
tt. nluiii, to^be more nearli allied, by their fossils, to the I .ins below than 
to the Inferior Oolite alxive, into which they form the jiassage-beds 

In- France the T.ias abounds in the Calx ados, in Buigiind), I.or- 
rune, Normandy, and the J }onnais Jn the Vosges and I iiseiii- 
lioui)', M Islie de lie.iiiinont statc-s that the l.ias containing 
(ifVpAtra tmunti and I tma gi^anleit, and some other marine lussils, 
becomes arenaceous, nnd«UFodhd the liar/ mountains, in West- 
ph.ilui and Jtavaria, in its lower {virts the formation is sandy, and is 
soiiu times a good building-stcjne 

.* In iMiglaiid the l.ias constitutcjs,” says Sir And Ramsay, “ a 
‘well cU Ailed belt of strata, running continuously from 1 yme Kcgis, 
on the south-w'LSl, thrcaigli the whole of hngland, to Yorkshire on 
the nortli-east, and is an extensile senes of alternating beds of tla>, 
shale, and limestone, with occasional layers of jet in the upper jiart 
'file iinei[ual hardness of the clays and limestones ot the J.iassic 
strata c aiises some ot its ineinbers to stand out in the dislinc i minor 
escar|iiiKnts, often facing the west and north-west 'fhe Marlstone 
forms the most prominent cjf these, and oi erlooks the broad meadows 
of the lower l.ias-clay, that fonn much of the rentre ol hiiglamr’ 
In Scotland there Arc few traces of the Lias Corals, Crmoids, 
Insects, Sea urchins, Mollusca, and Fishes, but, above all. Reptiles of 
extraordinary si/e and structure gave to the sea of the 1 .lassic jicriud 
.fn interest and features quite peculiar Well might Cuvier exclaim, 
when the drawings of the Plesiosminis were sent to him “I’ruly 
this is altogether llie most monstrous anim.il that has yet bc-en dug out 
of the rums of a former world In the whole of the Flnglish Lias 
there are about 281 genera, and 1,830 species of fossils 'I'hc wliole 
senes has bueii divided into /ones characterised by particular 
Ammonites, which arc found to be limited to them, at least locally 

Among the Echinodcrmata belonging to the l.ia;, we may cite 
Astenss lumbitcalis and raheoofma FurstcmlnrKii, whu li c onstiliitcs a 
genus not dissimilar to the star-fishes, of which its racliitcd form 
reminds us 'I’he I’entaennites «f which PtHlncriniUs Jltiarens is a 
type, omaments many collections by its elegant funn (higs 71J, 89) 
It liclongs to the “stalked” Crinotdea, which are .represented at the 
• preseiit-tiiiie by abuiil forty siiec les belonging to half-<i-do/cn genera, 
one of ivhirh evlends into the Xrelic ocean, while others are fouiu I 
at great depths in the tropical seas 

Oysters \Oslieii) made their apixiarance m the Muschelkalk of the 
las^ period, but only m a small number of siHv:.ies , they.iiicreased 
\ greatly in importanc;e in the Liassic seas. 
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T he Ammopite^, a ( iinciiis j^cniis of Ci.phaloy>oil.i, winch made tfteur 
first a|)])t.irdii('e in small nimilars towards the <lose of the precedinf' 
Tri'ssic period, heroine ijiiitc s{jc(ial in the Secondary epoch, with 
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the close of which they disapixiar altogether They were \cry 
abundaiilin the Jurassic period, and, as wl have already said, each 
/unc IS c ^lamc tensed liy its ])e< iihar spec les 'i he name is taken 
iroin the resemblance of the shell to the rani'sdiorii oniaiiieiits which 
decorated the front of the temple of Jupiter Ammon and tlic bas- 
n liets and statues of that ]>agan deity 'Flicy were Cephalupodoiis 
Mollusiawith circular shells, rolle^d iii>on themselves syiiimetrually 
in the same pLine, and dnided into a series of chambers 'I he 
hnimal only occupied the oatei 'Chamber of the shell, all the others 
were empty A siphon or tube issuing 
from the lirst chamber traserscal all the 
otlurs m siiecessiun, as is seen in all 
‘the Ainniomtes and Nautili This tube 
emfliled the animal to ^-ise to the siir- 
fac e, or to sink to the bottom, for 
the Ammonite could fill the ehainbers 
with water at pleasure, or eiii[>ty them, 
thus rendering itself lighter or heavier as 
occasion rciiuired 'Ihe Nautilus of oin 
seas IS provided with the same (unoiis 
organisation, and reimucls us fore ibly ol 
the \inmomtes of {S;eotogiejl limes 

.Shells are the oiil) tniees which icin.iin of tin Amniomtes AVe 
hjtvc no exact knowledge ot the animal which oc c iipieci and Iniill 
Them The attempt at restoration, as esliibiled ni l-ig 91, will jiro- 
Isibly convey a fair iclesi of the Ainniointe when living AVe* assume 
that It resemblod the N.iulilus ol modern limes AVlial a c iinoiis asjiec t 
these early seas must h.ue presented, covered by myriads of these 
Alolkisc s of all si/cs, swimming alxiut 111 eager pursuit of their prey ' 
'I’he Anunonilcs of the J urassu age present ihcmselv es in .1 gre.it 
variety of forms and si/es , some ol them of great beaulj Ammon- 
ites bt/rons, A A’oiiithi/iiiu biMi/uittis, A Tiii/teii {\'i^ 90), and 
A nnrrgai ifa/its, arc forms c haraiteristu of the I las 

'I'he Beltmnitis, molluscous (.-ephalopods of .1 very curious organ- 
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is.ition, ajjpeared m great numbers, and for ihe first time, in the 
Jurassic seas Of this Mollusc wc only possess the fossilised internal 
“ Imnc,” analogous to that of the modern c iillle-ficli and the c .ilunary 
of the ‘present se.is This simjile relit is very far. from giving us 
an exact Klc.a of what tlie animal was to vvhiclx the name of 
^Belvmnitc has been given (from ffiAtnyoy, >1 dait) fron’i 'their supposecl 
resemblanc e to the liesul of a javelin The slender c yhridne al bone , the 
oqJy vestige remaining to us, was merely tlie internal skelston of the 
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aniiTul ^Vl^en tirsl <lisco\ crotl thi‘) w«*rc called, by the vulgar, 
“Thunder-stones’ and “J. idles’ lingers.” They wcr*‘, at last. 



tiff yf AnitiMMutc reKlorcd. 
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inferred to be the internal shells of some sort of am lent tuttle-fish 
Unlike the Ammonite, which floated on the surface or sank to tliu 
bottom at pleasure, the ndemnite, it has been thought, swam nearer 
the bottom of the sea, and seized its jirey from below. \ 
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In i'lg 92 IS given a restoration of the living Belemnite, by Dr 
Burkland and Sir Rich (Jwen, in which the tcrtninal part of the 
animal is marked in a slightly darker tint, to indicate the place ot 
the bone which alone represents in our da}s this fossilised being A 
sufHcicntly exact idea of this Mollusc may be arrived at from the 
existing cuttle fish lake the cuttle-fish, the Belemnite secreted 
a black luiuid, a sort of ink or sepia , and the Ixig conuuiung the 
ink has frequently been tound m a fossilised state, with the ink 
dried up, and elaborate di^awings have been made with this fossil 


pigment 

The beaks, or horns mandibles of the mouth w'hic h the Bclem- 
nitc possessed in common with the other naked Cepha- 
,lopo(la, arc rt jircsentcd m l<ig 78, ]> t8t 


,As Sir H Dc la Be«,he has jMiintcd out, the destnii- 
tion of the animals whose rcinanis arc known to us b\ 
the name of Belemnitcs w as exceedingly great when the 
upper ])art of the Taas of 1 yme Regis was deposited 
Multitudes seem to have penshed almost simultaneously, 
and niilhons arc entombed in a lH.d beneath (loldcn 
Cap, a lofty cliff between Tame Ktgis and Bndport 
Harbour, as well as m the tipper I las generally * 

Among the Belemmles ehaTaclcnslii of the Liassii 
penod may be cited Ji (Fig 93), Jf piUilifomus, 

and B suhatus 

^ 'I'hc seas of the period containeil a great mimbei 
of the fishes called Ganoids wliieh an so t alleel troin 
the splenidoiir of the hanl and enamelled stales, which 
formed a sort of elefensiv e armour to piotce t their bexhes 
lApidotns i^^as was .1 fish of great si/c belonging to this 
age A smaller fish was the Tit/ aj^ono/ipis, or .'h ch/z/oilns 
But/iti 'I lie Acroitiii /wb/tn, of which the teeth are 



still preserved, and popul.irly known by the name ot 9^ 

' fosstl /(Ci/ies, was a fish of which an entire skeleton has aoii™*' 


never been met with \cithcr arc wc better intomied 


as to the Nybodns retitn/atm '11 bony sjnnes wliuh form the 
anterior part of the dorsal fin of this fish, had long been an objei t of 
ciiripsity to geologists, under the general name of Jchthyodoruhhs, 
.before ^ey were known to be fragments of the fin of the Hybodus 
'Ihe Ichthyodorulitcs were supposed by some naturalists to be the 
jaw_ of some animal- by others, weapons like those* ‘of the living 


Dc la Itcchc’s “Gcologitsl Manuil,” 3ril cj , p 447 


218 


lUH WORLD BhlORL ! HP Dtl H.l 



Fits Q4 - l<.h(h)Oaaiiai*« cotnmtini^ 


/ia/istis or Si/utus, 
but Agassiz has 
shown them to be 
neither the one nor 
tlie other, but bony 
spines on the (in, like 
those of the living 
genera of CtsHaaons 
and Ciumcetas, in both of wliieli the 
toneax e (a< e‘ is anneii n ith small spines 
like those* of the Jlybodus 'I’hc spine's 
were simply imbedded in the llesh, and 
itUehesl to it by strong muse les “ They 
serve'd,” sajs Dr Tbirkljiid, “as m the 
LJumant^ to n!lso and depress the tin, 
their action resembling that of a mov- 
able mast lowering backward 

I.et us hasten to say, however, that 
these are not the beings that charac- 
terised the age, and were the salient 
features of the generation of animals 
which existed during the Jurassic period 
I hese (lisiinguishing features arc found 
m the enormous rejitiles with lizard’s 
head, crocodile’s c onu al teeth, the tru \k 
ancl tail of a cpuulriiped, whale-like 
paddles, and the doiible-coneave ver- 
tohrai of fishes , and this strange form 
IS on siudi a gigantic stale that even 
their inanimate remains are examined 
with a < unositv not unmixed with awe 
'Ihe eounlrv round byiiic Regis, in 
Dorsetshire, lias long been celebrated 
for the curious fossils discovered in Us 
c|uames, and preserved m the muddy 
at cumulations of the sea of the Liassic 
period 'i’he eoiintry is hilly- -“up 
one hill and down another,” is a pretty 
correct provincial description of the' 
walk from Jlridport to ],yme Rcgis- 
w here some of the most Rightful crea- 
tures the living world has prolxihly ever 
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beheld, sleep the sleep of stuiie^ 'I'he quarries of Lyme Regis form 
the cemetery of the Ichthyosauri , the scjnilthre where he interred 
tliLse dragons of the aii< lent seas 

In iSi I a country girl, who made her prec.inous living by picking 
iij) ftv>sils lor which the neighbourhood was famous, w.is pursuing 
her avoLation, haiiiiner in li.ind, when she jieneivid some bones pro- 
letting a little out ol the clifl Finding, tm examination, that it wis 
jiart ol a large skeleton, she cleared awa\ the rubbish, and laid bare the 
whole creature imbedded iii.thc- 4 >lock of stone She hired workmen 
to dig out the bloi k of laas in which it was biiricil In this manner 
was the first of these monsters hiought to light ‘‘a monster some 
diirty feet long, with jaws nearly i fathom in length, and huge 
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viucer eyes , whuh liase since been found so perfeit, that the petn- 
iied lenses haxc been split off and used as inagm Tiers, ’ as i writer 
m A/I f/ir Yuir A’ntiiu/ assures us 

In T’lg 95 the head of / f>/tilyi/oti is represented As m the 
* Saunans ihe openings of the nostrils are siiuatcd near the anterior 
angle ol the orliits of the eves, while those of the (Voroflile are near 
the snout , but. on tiu other hand, m its osteologx and Us mode of 
dentition It nearly rcseiiihles the Troi oilile , the teeth arc pointed and 
corwc^il — not, how ex or, set in deep or separate soi kets, hut only 
.implanted in a Jong and deep fontinuoiis grooxe hollowed in the 
hones of the j.ixx 'I'luse strong jaxxs haxe an cnoijiioiis opening, 
lor, jn sonic in‘«t.inres, they have been found eight feet in length and 
'irined xvith 160 teeth Let us add that teeth lost through thexorarity 
of ythe animal, or in tonlests with other animals could be r'liexxcd 
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in.my times , for, at the inner side of the Ixise of e\er> old tooth, 
mere ib al\\a\s the bony germ oi a iilu one 

I he ejLS of this inarinL monster were miidi larger than those of 
an) animal now living , in voliinu thev fre«|iientlv exceed the human 
head, and their strut ture was one of their most remark^tble ]icculi- 
antics In front of the st lerotu t oat or < ajisule of the e\e there is an 
annular scries of thin oonv pLites, surrounding the iniiul Hus struc- 
ture, which IS now onh met with in the eyes of tertain turtles, 
tortoises, and li/.irds anti in those tiit«in.iii\ birds, could be used soas- 
to increase or dmiin.sh the ciir\.iture ot the transparent cornea, and 
thus increase or diminish the magnifying ]>ower, according to the 
requirements of tlic animal jicrfurming the office, m short, of a 
telescope or mn rose ope it pleasure 1 he eyes of the Jchlhjosaunis 
were, then, an optical ap]>,iraUis of wondering power and of singular 
perfccticm, enabling the anim.il, by their power of adapLition and 
mtensit) of iisioii, to see Us pre\ far .ind near, anti to pursue it in 
the darkness and m the depths of the sea 'I he curious arrangement 
of bom jilatcs we have destrihed fiirmshetl, besides, to its globular 
eve, the jituver necessary to hear the pressure ot a i oiisitlerable weight 
of water, as well as the iiolonee of the waves, when the animal tame 
to the surfac o to breathe and raised its hi ad aboie the waves 'I’his 
magnificent specimen of the fish-h/ard, or Ichthyosaurus, as it was 
named by l>r I'rc, now foims jwrt of die Irtasiires ol the Uritish 
Museum 

At no period in the earths liiston ha\r Reptiles occupied sv 
important a pLic c is they did in .the Jurassic period Nature seems 
to ha\e’ wishetl to bnng this class of iniiniK to the highest state of 
development The great Rc'ptiles of the 1 i.is ire .is c omplicated in 
ihcir structure as the Mammals which .ippe.ireil at .i later jicriod 
rheyprobabh lived, lor the uiustii,irt bv tishing in sli.illowcieeksaiid 
bay's defendetl from licavv breakers, or in the opeiiscM , biit they seem 
to have sought the shore from time to time thev crawled .dong the 
bi.ith, covered with a soft skin, perhajis not unlike soiile .of our 
('etacea The lthdivt)s.mrus, tnnn its form and strength, may have 
brav'ed the w.svcs of the se.i as the ]ior]>oise does now Its destruc- 
tiveness and vonatity must h.ave been prodigious, for Dr liutkiand 
describes a spec mien which had Iietwecn its ribs, in the place where 
the stomac h injglit he supposed to h.ave been plac eel, the skeleton of 
a smaller one ^ a proof that this monster, not content with preying on 
its weaker nt ighl lours, was m the luhit of devouring its own kind 
In the s.ime water, livecl the Plcsiosaimis, with long neck .ind form 
more strange th.m ili.u ot the khtlivosaunis and these potentates of 
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ihc seas were wamicd by the same sun and tenanted the same banks, 
in the midst of a veirctation not unlike that wliieh thedimatent 
Africa now prodiu es 

'Ihc great Saurians in the Lias of Lyme Kegis seem to have 
siiffcrcd a "omewhat sudden deatli, i>artly in tonscfiuem e of a senes 
o** small catastrophes suddenly dcstniying the aimnals then existing 
in tiarticiilar spots “ In gencml the bones arc not scattered about, 
.md in atletachcd state •i'- would happen it the dead animal had 
tlesi ended to the bottom of thc'sc.i, to be dec omposed, or devoured 
]>iecemeal, as, indeed, might also ha]>pcn if the creature floated for a 
time on the surlatc. oni aiuin.i1 devoiinng one ]iart, and another 
(.uryingofl a diflerent portion, on the contrar>, the bones of the 
"skeleton, though friciuenlh compressctl, as must arise from the cnor- 
mcnis inc'sstirc to wh’di the) have so long been subjected, are 
tolerably connected, frec|uently in perfect, or nearlv perfect, order, as 
if prejMred In the anatomist The skin moreover, m.ay sometimes 
be traced, and the c oniprcssed c onteiits of tin intestines may at times 
be also observed ill tending to show that the animals were siul 
denly destroyed and ,is suddenly preserved 

'{ hose strange and gigantic Sauruins seem almost to disappear 
during tlie succeeding geological periods, for, although they have 
been discovered as low down as tlic 'I nas in (icrmnny, and as high 
up as the Chalk in Kngland, they^ only appear as stragglers m tliese 
epochs , so, too, it nwy be said of the existing Saiiri.ins that they arc, 
^s It were, only the shadowy, feeble representatives of tliese powerful 
rues of the ancient world * 

Confining ourselve-. to well established facts, we shall consider in 
sonic detail the liest known ot these fossil reptiles the hhthyosanmc^ 
Flesiosaurus, and PtetodaUyle 

The extraordinary creature which bears the name of /i/it/no- 
saurus (from the Greek words fish , <ravpos, lizard), presents 

certain disposit ons and organic arrangements wine h .ire met with 
clisj>er,ecl m certain clissesof animals now living, but tliev never seem 
to be again reunited in any single individual It possesses, as Cuvier 
says, the snout of .a dolphin, the head of .i ]i/.ird, the jaws and teeth 
of a crocodile, the v ertebrte of a fish the head and sternum of a 
li/.icd, the paddles like those of a whale, and the ‘nink and tail of a 
cpi.-idrurjicd 

Bayle appears to have furnished the best idea of th^ Ic hthyos.iunis 
bv. describing it as the ^^hale of the .Saiinaris — the Cetacean of the 


* “Cieulogaal Manual,” tiv ft I lx li liLi.liL,-3nl liI , p ^46 
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pnmitixc seas It w.is, in fart, 
an animal rxrhisively marine , 
which, on sliore, woukl rest 
motionless like ,in inert mass 
Its whalc'likc pafldleiJ, and fish- 
hke vertebrae, the length of the 
tail and other parts of its stnir 
ttire, prove that its habits were 
Ittpia^ic , as tlie remains of fishcs- 
and lopliles, and the form of its 
teeth, show that it was carni- 
vorous lake the Wliale, tijso, 
the Ichthxosaiinis breathed at- 
mospherv air, so that it was 
under the net cssity ot coming 
frei]iicnlly to the surface of the 
water, like that inhabitant of the 
deej) W c ran i \ cii believe, with 
lki)le, that It was provided, like 
tlie W hale, with \ents or blow'ers, 
through whiih it eiuted, in 
tohimns intiy tin an. the w'ater 
It hid swallowed 

I lit dimensions of the Ichtliyo- 
saiiriis laried with the specie', of 
w’hii h twenty-five li.ive been de- 
scribed such Ifhtffvosaitf Hiiom- 
munts (Fig yj.), / /'/atydon, I 
mtermedtus, I. tcnuuosfriSf and / 
Cm tan, the l.irgest being niore 
than thirt> feet in length 

'1 he short, thick neck of the 
If hthyosaiinis supported -a ca- 
pacious hc.ul. and was continued 
luck wards, from behind the eyes, 
in a column composed of more 
than a hundred vertebrje The 
animal being adapted, like the 
whale, for rapid ‘movement 
through the w'atcr, its vertdva' 
had none of the invariable solidilj 
of those of the lazard or C^o- 
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codile, b\it rather the strut ture and lightness of tliose of Fishes 
The section of these vertebra: presents two hollow cones, connected 
only by their summits to the centre of the vertebra:, which would 



(j 7 ‘^Louer jnvi of Ichthjoiuuirii^ (Dr Buckland ) 


permit of the utmost flexibility of mo\ement 'fhe ribs estended 
along the entire length of the vcncbral column, from the head to the 
pelvis The bones of the stcniiim, or that part of the frame w'hich 
supported the paddles, present the same combinations with those of 



fi igr 08 —Skeletal of Icliihyosaunis 

( ontaiiiinK teeth ind hones or Fishes in 1 fwm (hie fiftocnih nil uni si/e 


the sternum in -the living ()rnithorli>nrhiis, or Ducle billed Platypus, 
which oITcrs the singular combination ot a furred qijadriiped (mam- 
malian in structure, but oviparous), having the bill of a duck and 
webbed feet , which dives to the bottom of the water in search of 
itj<^ food, and returns to the surface to breath? the air In this strange 
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creature the Oeator seeing to 1u\e rL|iLaled, in uur days, the 
or{;anic arrati^cnicnla \\!iK.h He had un^inaity provided lor the 
Ichthyobaurub 

In order that the animal should be able to move with rapidity in 
the water, both its anterior and jKJbterior ineiiiliers were eonv'crlcd 
into fins or paddlcb The anterior hns were lialf as larj^e ig<iin as 
the po>.terior In some spei les each jiaddle WlIs made up of nearly 
a hundred bones, of polygonal fonia,aiid disposed in ^erles representing 
the phalanges of the lingers 'rhis'‘hanfi, jointed at the ami, bears 
resemblame, in osteological <onbtnution, to the paddles, without 
distimt lingers, of the Porjjoise and the Whale \ sjieLimen of 
the posterior tin of / tommuim, discovered at IJ irrow-on-Soar, in 
Leu estershirc, in 1840, by bir Philip Kgerton, cxliibited on its 
posterior margin the remains of « artilagmoiis* ravs, wIihIi bifiircafed 
lb they .iiniro ichcd the edge, like thosi in the fins of a fish “ It 
had prcMousU been supposed,’ s.us Sir Rich Owen, “that the 
locomotive organs were emelojied, while h\mg, in a smooth integu- 
ment, like that of the turtle and |jor|)oise whic h h.)s no other support 
than Is afiorded b) the lioncs and ligaments within , but it now 
appears tint the tin was much larger, evjianding far ]>c\ond the 
osseous frame-work, and deiiating widely in its fish-like rats from the 
ordinary reptilian tyjic ' This anatomist licheves that, besides the 
fore-|jaddles, these still-neeked baiinaiis were furnished til the end of 
the tail with a tin to assist them in turning, not placed hon/oninll), 
m the w'hale, but vertically, forming a pow crful mstniment of pro- 
gression and motion It is obvirfus that the Ichthyosaurus was an 
.mimal powerfully armed for offime and defence We cannot say. 
with certainty, whether the skin w is smootli, like that ot llie whale 
or lizard, or covered with scales, like the great lepliles of our own 
age Nevertheless, as the scales of the Fishes ami the c uiniss .ind 
horny armour of other Reptiles of the Lias are jireserved, and as no 
such defensive -scales have been found belonging to the Jehthvo- 
saiiriis, It IS probable that the skin w'as naked ind smooth ' The 
tail, (omjioseil of from eighty to eightv-tiic' \eitebia:, was jirovided 
w'lth large and long jiaddles, arranged vertically as 111 tlie Whale 

It is curious to see to what a degree of perfection has been car- 
ried, in our days, the knowledge of the antediluvian animals, their 
habits, and then ec onomy Fig 98 represents the skeleton sof an 
Ichthyosaurus fftund in the Lias of Lyme Regis, which still retains in 
Its abdominal c.avity coprolites, that is to say, the residue of digestion 
'rile soft parts of the* intestinal canal have disappeared, but theyfeziff 
tliLmselves are preserved, and their e\,muii,ition informs us as to tl^ 
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.ilimentary rci'iiiiun of thi*) animal vihi< li has purisheil from the carili 
many thousaiuls, ])cilu]js iiuihons, ofyi.iis Man \niiiiig, to whom 
no owe lOjiny of the tliM o\ cries ina<li* in the iicigliboiirhoocl of 
[-ymc Kegis, her natiic place, hail in lit r lollcction an cmormoiis 
(upruhte of the It hth}<)saiinis I his topiolitc (hig 91)) i ontamed 
somolMincs indstaKscit ImsIhs, 
intl of tlmrs l<t|itilcs util 
enough preserved to lia\e their 
slice ICS ideiitilictl It oiil) 're- 
mains to lie .idiltil that, among 
iho bones, those' of the Itli- 
iIi)os,iiiriis were often found 
vspeiialK those of young intli- 
siditals 'I he ]jresen<e»of thi 
niiihgi still lemaiiis of eeiCtlna 
ind othe’i lioiii s of animils ot its 
own spt I le’s in the (oproliles < 1 ich 

till It htiuosauriis piiixt s is n • 
hate alreaih liad o< < ision to 
re'inark, that this great ^lunau 
must haxe bttn i most mu u ions 
monster since it liahitinllx ile- 
xouitd not tmix fisli. Inn null 
Mil/tals of Its oxxn rue - the 
sf'niler betoming the jnix ol 
the larger 1 ht slrtit lure' ol (he 
law ol ilic It lilhx os turns Kails 
III to beliext tint tlic ainnnl 
sualloued its ]iiix xxitlioiit ill 
xiding It Its stonm h and in 
'■ siiiu's iiuist, then, haxc formed 
sort ol p.oiit li of greit vtjlume, 
tilling entiiely the abdoininnl 
tanty, mil t orrespontbng in 
•■\tenl to tlie great dex elopment 
of the teeth anti jaxxs I Tj, -x ( nprolilF nf Ichlhic 

1 he pcrleition xxith xxhuh 

Its lontciits haxe been preserxt*d in the fossilised roproFitcs, furnishe's 
inihreet proots that the intestinal lanal of llic lehthvosai.ms resL'inbled 
. I losedx that of the shirk, and the ilog fish — fishes esscntiallx xoracioiis 
mil destriit tixe, xvhii h have the intestinal canal spirally i onxohitcd, an 
, arrai^^eiiient xvhieh is exaetlj that militated in some of the t Oprolites 
8 
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of thf Ii hilnosatirus, as is (Mclcnt Irom llu’ impressions which the 
foltls ot llu' intestine liii\c lett on the ( 0 ]iiohte, ot whii h Kig too is 
A representation in the (litis ne ir L^ine ki*gis (oprolitis are abiin 
(lanl in the I lassu furinatiun, and luoe been found disseminated 
throui;h tlie shales and limestones along main miles ot th.it eoast 
What an admir.ibli iiroilige ot sncnci whuli is able, Jn an 
examinaiinn of tlie -iiniikst jmis in the organisation ot beings wliwh 
lived ages ago to goe loom tmiids sin h solid teai lungs anil siirh 
iriic enjoMiients ' * Winn wi disioi^r” s.i\s Dr lliukland, ‘ in 

llu hodi of an Irhthvosaiiriis the food vhnh it has ingiilfeil an 
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instant before its death when the intervals helweeii its sides present 
themselves Mill tilled with the remains of fishes vvhnh it had svval 
lowed some ten thousand vears ago or a time even twice as great* 
.ill these nniiiense intervals v.inisli, tune disappeais, ind we find 
ourselves so to speak, thrown into immediate rontai t with events 
which took plau in epodis immcasiir.iblj distant, as if vve O'ltipicd 
ourselves with tlie afiairs of the nri^vious daj " •. 

Ihe name o1 Pfmosaunts (from the (Ireek vvonls neai’ 

and aaCpot, ItZfUit) reminds us that this animal, though presenting 
many pedili.iriiics of general strut tiire, is allied by its OTgamsabon to 
the Saurian oi la/ard familv, anel, (unscepiciitly, to the Ichthyosaurus 
'I lie .Plesiosaurus presents, in its organic strut lure, the most chfions 

s 


nu jj-ts 


jSsembl.ii;o wi; Iwive iml wnli .iinonL; thi* 
)ig.inii vestiges of the Liinuot wcirlil 
I'Ik l’le->i(isaiirii-. xi.i’i a lutniu .iii- 
Itreaihing, i aniivoiuii-. reptile, c oin 
Inning ’tile ili.ir.n ters nl tin head ol i 
I /aid, the ttilh ol n ( khikIiU a luik 
<)| (.Missive lenglli rv '•einliling lliii ol i 
wan iht nils ol i (.haniehoii ^ Itodv 
of moilerUi si/e, and .i m.u short tail 
ind tiii.illv, liuir piddlis u sinililm!; 
ihusi. ul a Whale lat iis lusion a 
glanot iiiion the rem mis nf this stningi. 
iiiiinal vv’hii h tin L.irth his itwalid 
Hid whuh s( kin i. h is K^tond to ns 
riiL h( 1(1 of the I’ll SKIS till ns jin - 
suits a ( oi'iliinalioii ol the (haridcis 
liefoiii'iiig to till l( htlnosuiriis, tin 
triHodiU ml tin 1 i/ard Its eiior 
iiioash long milv < o iijinsi s i gieatir 
imnilkr ot virtvlii.e thin ilk ne« k ol 
(itiier till. (. iinel, th, tiiiatfi, oi imii 
the Sw in. whuh ot all tlu teatlured 
. i( L has the 1oiig<.st lui k in < (>ni|^'itison 
lest of the hodv And it is lo 
In rein.irked, that, (Outran to whit oli 
Ills 111 tlk M iiniii.ils, wliiu tin. ver- 
li lira ot tin. "((k aie alni's sevtii, 
ihe vertehr.x; in birds nn ri isv in iiinnhei 
with till length ol the luik 

I he 1) xlv Is 1 vliiidrii il and loiiiided 
like that of the gnat inaime 1 in ties 
li was, doubtless, nake'd, /> not prn- 
lutiel with the stale's or laiap.i'i with 
wlik'h some iiilliors hui invested it, 
lor no trails ol sm h (overings hast 
been found neai iiiv ut the skeletons 
whuh* have bun hnherto disioveied 

• Hii dorfal virtelme are attac hed to 
' leli other liv nearlv jilaiu' surl.ues 

• Ilk* riiose of lerrestiial (jiiadnijieds a 
inode flt arr ingernenl whuh must have 
.djpr^fed the whole ot its vertebral 
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roKinin oi mm li of us nc\il)ilit\ I'.uli p.iir oi ribs siirroiiiuled 
tlie both with \ {oinpli'tc giidlo toimi'd of h\i‘ pimes, .is m llic 
Lhamolfon .ind Ij^uan.i wborci* no doubt, .is uith tiu < liameleon, 
gre.st firilitics . listed for tlu' (onri.idion .iiid dil.it.itioii o( the lungs 
I'lie bre.ist tlu. pcKis, ind the bones of the .inter or .ind posterior 

i\fri mutes furnished .in .ip|i.ir.iiiis 
j . — . which peniuitc.d the IMi siosiiiriis, lilve 

frt till If lithios niriis .ind evisling t cU- 

tq ft ce.ins to ‘sink, in die w.iter .ind ritiini 

l**'- "’'diti it ple.isiirc (I'lg 103) 

' Thill 'V' fbien III Ills “ History oMJridsti I'Obsil 

r ^ Reptiles, c h.ir.it tenses them as .iir; 

,f ^ ^ \ bre.illiing .inrl cold-bloodid .inini.ils* 

{ '‘v. _\ the. piiHil ilrt the\ respired .itiiios- 

^ i«.ii._if- I i«,ti V- phiiii .nr iiiiniedi.iUb In ing found 111 
I , the ijosiiion Old stimtiirc, ot the. n.is.il 

M > i ^ pm^-igis Old thebonv nice li.inisiiiol Hu 

I 1 ^ " j 'J tlioi 1 C u dm t .iiid ibdoniin.il i.iviti In 

Y' . / the lirst tlic hi/i iiid position ol the ev 

n tirii.ilnostnls(l ig jo.*) loinbuieil uitli 
the striuluK ol the paddli“s, indu.itc 
d striking .in.ilogi betuein the chtiiirt 
.S.nni.tiis .111(1 die tVtue.ins, offering. 

*^1^ Is bir Ku h.ml obscriis .1 be.iutiliil 

cN.inipk ol tliL .1(1.1 jit.ition ol strnctiue 

“■J,..’ “'’i'v."T.nU‘ ' iv'i': , I i' • i*'*- 1"-* 

Jl jlinni ^^hllc tilt. eiidiiKc tint tiny were 

( old blfMxled .mini its is found in the 
flextble or iiii.tnc In losed < onditioii of Uie osseous jiiec cs of the oc c ipiit 
.ind other c 1 ini d bones of the lower |.m ind of the serlebnl c ohinin 
from which Sir Ridurd draws tne coni hision that the he.irt w.is 




i^ll 

Jl jlinni 


-'^Uriniiii iitl |i \i> I IMcsk 


adapted for transmuting .1 j».art onb of fhi hlooei through tin; 
resjiiraton oig.ins tlie .ibseiic i of the b.ilt-.ind-sO( ket .irtic illations 
ot the boius ol the it-rlebra, the position of the nostrils ne.ir the 
summit of the head, the ntinurinis short .ind ll.1l digit.il bones nhiili 
must b.i\e been erne loped in a simple iindnide'd mtegumeiitan 
slu.ith, tonniiig in both lore and hind estri'mitics a padclle (*loseh 
resembling th It ol the In ing (. et.ite.i 1 he paddles are larger iinl • 
more powtr.Hd tluan those of the Ic hthjos.imus, to fompensate foi 
the shglu .isi.isi.tn(c the .iniinal derived from the l.itl Ihe l.^tter, 
‘htirter .as cornp.ared with the length ol the rest of the* bodx th.an in 
the Ichrh\os.i irus-'-w.is more c.dciikited to .u t the p.ut cit a rifsldcT . 



//// ! lAii 22*) 

in (liiccim;' the cuiirse uf the aniin.il tliruiigh tlie water, than a'> a 
powerful org.!!! of propulsion 

htieh were the strange i oiiibi nations of form .iml structure in the 
Plesiosaurus and Irhthj osaurus —genera of animals whose remains 
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have, after an interment eMendmg to uiiWnown ihoiisaiuls ot years, 
been revealed to light and submitted to e\.iniination, nay, rebuilt, 
lione* by bone, until we have the loinplete skelvlons belore us, and 
file habifs oUthe animals deseribed as if they had been obseneil m 
life. Convbeare thus speaks of the supposed habits oP’ these estinct 
femis, which he had built up Irom sianty materials “ 1 liat the Ple- 
siosa^us was aquatie is evulent from the form of^its paddles, that it 
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iiunnt. is ciiujlh mo. Iruin thif reniaiii!> witli wliuli it is uiu\er!>nlly 
abSOi.iati.Ll tliat it iiia\ liavt or> asunialh msUllI the shore, the 
leseiiiblani e ut its e\lreiiiitii.s to the tuitle mav lead us to eunjcLture' , 
Its iiiutiiiii huvkCLer nuist hi\e lueii \erv ankuaul on lainl , its long 
iieik must liaLe iinpeLkLl its |iic):>iess thioiigh the wate’r jirLieiiting 
a striking Lontiast to tiu orgiinsatum L\ln(h so ailinirabh tits thi 
Ulitin osaiiru-i loi i iiiting ihroiigii the waies M i\ it not, ihcietou 
be L oiu liideil that it suiiiii on oi m ii tlu siiitiie auhingliaik its 
long neck like thi swan aiul l>< i asii.iiiaU\ darling it down at the lish 
whieh hapixiied to IloU within its rr.uh^ It ina\ i)e‘rlia[is, ha\e" 
lurked in sh illow water along tin loasts loiue'.iled .iniuiig tlu sea- 
wee“ds, and raising its nosiiiK to the siirlni Iroin a i onsidi'ral)!i 
depth, nia\ ha\e toiind .1 scdiri ii trial Irnin the ass.inlts ordangcloiis. 
eneniiiis, wink the length and lit \ibilit\ ot its luik nia\ ha\e i uin 
]iensaled foi the w int ot strength in its |iws,*.ind nua])aeit\ lor swilt 
iiintinn thiough the- water, by tin siiildinness and ngihty ot tin 
altai k the\ tnabkd it to make on e\er\ animal fittirl to beioine its 
pret ’ 

I he Hlesiosaiiriis was iirsi disnibed b\ the Rei \\ P tom 
be'are and Mi TKiim IK la Ike he, m the t leologit al hocietj's 
'rransaetioiis ' loi iSai, and a restoration ol /’ tMiLfioiitims, the 
most ( oinmoii oi tiuse fossils ipp< lud m the isime work for 1824 
I he lirst speiimen was disioiered as the Ii htlivosauriis had been 
jiriLioiish m the I las oi I }me Kigis siiiii thin other mdiMeliials 
anil spems liaei luin found in llie s,iine giologud forma linn'* ‘ip 
earioiis jMrts ol Ingland, Irelaijd, I ram e and (lerman\, and with 
siuh \ariations ol stniitiiri that jmla'oniologists have Iclt thein- 
se’lve’s justified in nioidnig iliirl\-s, \en sjieeiLS, of whiih wc have 
represented /* (log 102) as restoicd fiv < onjbiart, 

and P nithioii phalli s ( log 10 t). with its ski leton, as moulded from 
tile limestone ot I vine Kegis, wliieli has been plai ed 11I the I’al.eon- 
tologiul (jallerv ol the Mntish Museum 

Ihe I’lesreisaiiiiis was scaitelv so large as the Ii hthvijsaiiriis • 
J he spetimeiiol / pluhiiaii m the lliiiish \rnsenm proliably be kinged 
to an animal foiir-and twentj feel long, and some are said to mdieate 
thiity feet, while there are spci les of Plesiosauri measuring eighteen 
and tw'enty, the largest known specimen of Plfstosaifrm, Ctam^fant 
found in the h,is of Vorkslnre, and now' 111 the Museum of the Roval, 
Society of iJnblin, being twenty-two feet four inches m length (')n 
the opposite ^ page (j’latt- X\ ) an attempt is made to represent 
these grand reptiles of the I las in tluir native element, anrf a*? 
they lived 





(hivrcr saj-s of the Plesiosaurus “tlut it iircsents the nio 5 t moii- 
siroiis assemlikige of t haru tenstics that has been iik I with among 
the races cjf tlie nneicnt wcjrld ” 'I’his expression should not be iin- 
ilerstood in a literal sense , there are no monsters in Nature , in no 
liciiig creatilre are the laws of organisation ever positively infringed , 
and It IS more in acrordance with the general j>erfection of I'leation 
to see in an organisation so special, in a structure which differs so 
not.ibly from that of the animali> of our own da}s, the simple cle- 
velopment of a type, and sometimes also the intnuhiction of beings, 
.ind surressive t hangc*s m their strurture We shall see, in examining 
the eurinus series of animals of the ancic'nt world, that the organisa- 
tion. and physiological functions go on improimg unceasingly, and 
tliat each of the extiiut genera which preceded the appearance of 
man,' present, fur enrh oi^an, moditic ations whic li .ilwavs lend towards 
greater ]ierfcc tion 'fhe 1 ms ot the tishcs of IXiuniaii seas become 
the ixuUlIesof the fc hlliycisauri and of the Plesiosauri, these, in their 
turn, become the membranous loot of the Ptcrodacty le, and, finally, 
the wing of the bird Afterwanls comes the articulated fore-foot of 
ilie terrestrial maminalu, which, after attaining remarkable iierfci tion 
111 the hand of the a^ie, bee omes, finally, the arm and hand of man, 
an instrument of wo,nderfiil dehcaty and |>o\vcr, belonging to an 
t nhghtened being gifted with the divine attribute of reason ' let us, 
tlien, dismiss any idea of iiicinstrusity with regard to these antcdilm lan 
augwals ; let us loam, on the contrary, to recognise, with admiration, 
life clrvinc proofs of design which they display, and m their orgam- 
siticm to see only the h.mchwork of tTic Creator 

Another strange inhabitant of the ancient world, the PtfnnUntyhis 
ffiom wTtpoif, a 7 e>/»ji^, and s^ktvaos, cr \ discovered m 1S2S, made 
Cuvier pronounc e it to be incontestably the most extraordinary of all 
the extinc t animals wliic h had c omc under his consideration , and sue h 
as, if we saw them restored to life, would apjiear must strange and 
ijissimilar to anything that now exists In si/e and general fonn, and 
in the di^Misition and character of its wings, this fossil genus, aecorcl- 
mg to Ciiviei, somewhat resembled our modern hats and vampires, 
hut had Its beak elongated like the lull of a woodcock, and anueil 
with teeth like the snout of a ciocodile, its vertchr.u, ribs, pelvis, 
legs, .tnd feet resembled those of a li/arcl , its three .ii^ltxior fingers 
tc'iinmated m. lung hooked claws like tliat on the fore-finger of the 
liat , and over its liody w.is a covenng, ncitlier tom]>ose(} of feather^ 
as;n the bird, nor of hair as in the bat, but jirobably a naked skin , in 
sfiort, was a monster resembling nothing that has ever been heanl 
of upon earth, except the dragons of romance and* heraldry , Mure- 
' -^ 8 * 
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over il was probably no<tivagoiis and inset tivoroiw, anti m both 
these points reseinbletl the bat , but differed from it in having the 



* Iig loj — Picrodactyliu crassinMitiisi 

most itnportanl bones in its body constnicted after the m^iner oi 
those of reptiles 
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“'rh»s, like Milton's fiend, all-i}\iahrio<l for all services anil all 
eleiniiits, the creature w.is a fit companion for the kiiKireil reptiles 
tint swarnjed in the seas, or trailed on the shores, of a turbulent 
plan). I 

• “ Tfie ^ K’lul, 

O’er Ih)}!, or steep, tlirunj^ <;tfnit, rough, rLnsr, or nre. 

With lienil, liinils, wings, or feet, pursu<.s Ins uay. 

And sinks, or swims, m wules, or crcL|<s, or flics 

^ • PatiuUsi /er/. Hook II , line 947 


“With flocks of such-hke creatures fl)ing in the air, and shoals 
of Ichthyosauri and Plesinsaiin swarming in the ocean, and gigantic 
Croccxliles and Tor- 
liiises crawling on the 
.sliores of priiiKuial 
1.1 kes and rivers -.iir, 
sea, and land must 
have been strangely 
tenanted in these 
eirly |>iriods ol our 
infant world 

'I'he strange struc- 
ture of tills aniniai' 
give rise to most 
c onyadirtoiy opin- 
mifs from the cMrlier 
naturalists, (Jnc 
supposed it to be a 
hinl, another a hat, 
and otlicrs a flying 
Icptlle Cuvier was I'ik — I’ccroilictylns lirevirestns. 

the first to detect the 

tiiith, and to prove, from Us organisation, that the .1111n1.1l was a 
Saurian* “llchold,” he s.ays, “an anini.nl vvhii,h m ns osteology, 
from Its teeth to the emd of its claws, fircsciits all ihi diameters 
of the Saviruiivs , nor can we cUniht that llicir ih.ir.actcristic.s esisted 
m Us integuments and softer jiarls m Us sc ales, Us c in ulation, its 
generative organs U wsas at the same time provided with the means 
, ui flight ,..biU when stationary it could not h ive made miic h use ot Us 
anterior cstreiiiUics, even if it did not keep them abvays folded 



* P^fcsinir rtiicklaiul mi (he I’tcrudactylus “ 1 rails. CIcul Sob,‘'2iiil sciics, 
^Vl>l 111 , p 317 
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as birds fold tlicir win^s It might, it is true, use its small 
anterior fingers to suspend itself from the branches of trees , but 
when at rest it must ha\e been generally on its hind feft, like tlic 
binls again, and like them it must have carneil its neik half-erect 
and I urved backwards, so tint its enormous hisid should not disturb 
Its er|iiilibriuni ’’ This diversity of cipinion med not very much sur- 
]>risc us after all, fur, with the body and tail of an ordinary mammal, 
It had the form of a bird in its hca^ and the length of its ncc k, of 
the bat in the structure and proportion bf its wings, and of a reiitile 
III the smallness of its head and in its beak, armed with at least 
sixty eciual sharp-pointed teeth, clitfenng little m form and size 

Zoologists have described thirteen distinct species, varying in si/e 
from a snipe to a cormorant Of thc'se, P ^rassimsfr/s {tig io5)ancr 
I* bnvoostris (hig lofi), were both di*>'overed m the laas of 
Solcnhofen P macrony \ belongs to the laas of l.ymc Regis 

The Ptcrodac t\ le was, then, a reptile pros icled with wings some- 
what resembling those ol Hits, and tormed, .is in that Mammal, of a 
membrane whu'h connected the body with the excessively elongated 
phalanges of the fourili linger, which served to expand the membrane 
that answered the ])urposes of a wing 'I'he 1‘tertxlactyle of the 
laassic period was, as we hive seen, an aniipal of small si/e , the 
kirgest species m the older laas beds did not 'exceed ten or twelve 
inches m length, or tlic si/e of a raven, while the later lorms found 
fossil in the (rreeiisind and Wealden beds iimst have measiirixi 
more than sixteen feet between the tips ol the expanded wings i>ji 
the otlier hand, its lu..id w.is bt enormous dimensions compared 
with the rest of the body We cannot admit, therefore, that this 
animal could really fly, ind, like* a binl, beat the air. d’lie inein- 
Iiranous appendage which connccled its long linger with its body 
was rather a p.ira(hute tli.in a wing It served to niodenite the 
velocity of Us clesi ent vv hen it dropped on its jirey from a height 
Kssciilially U chinbcT, it could only raise itself by elimbpig ufi tall 
trees or roc ks, alter the manuei of li/.uds, and throw itself them e tii 
the ground, or upon the lower branches, by making use of its natural 
ixirac hiile 

'I'he ordinary {losition of the Pterodactyde was proliably uixin its 
two hind foct^ the lower extremities being ada|ilcd for standing and 
moving on the ground, after the manner of birds Habitually, per- . 
haps, it pen heel on trees, it could creep, or climb along rocks and 
cliffs, or suspend itself from trees, with the a.ssistance of its claws and 
feet, after the manner of existing Hats It is even ]>robnble, 1 )^ Buck- 
land thought, that it had the ijower of swimming and diving, sij 

. V ■' 
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(ditiniDM tcj nptilub, jikI posscssecl by llic Vampiru Ru of thi* isl.incl 
oi Bonin It is I>clic\c (1 that the smaller species li\e(l upon inset ts, 
and (lie I.pgcr preyed upon tishes, upon wintli it luiild tliruw itself 
like tlie se-a-HiilI 

'I'hc most startling feature' in the org.inisation of this an1n1.1l is 
tile strange < ominiution of two ]K)\\e'rfiil wings attaclud to tlie body 
of a rejitile 'I he imagination of the jioets long dwilt on sin li a 
I omhinatiun , the Jhaiioii was a creation of their faniy, and it 
pLiyeil .1 great part in table ^iiid *111 ]Mgan iii)tholog) 'I he Dragon, 
or flying ri-jitile, breathing fire aiul poisoning the air with his fiery 
breath, had, atrording to the fible, disputed with man the jiossessinn 
ot Uie earth (iods and demigods claimed, among then most famous 
'exploits, tlie glory of liaving vamiuislicd tins powerful and redoiibl- 
ablf' monstc r « 

'\m«)iig the .sninmls of our cjiorh, onK a single rejitilc is loiind 
pniMtled with wings, or digital ap])eiulages analogous to the inem- 
lir.inoiis wings of the bits, and whiih ran be lonijiared to the I’tero- 
d.irtyle This is called the P'lyntg Dro'^on (Drato volant), one of the 
Dracoiuda:, a family of baiirians, wlnih has been described by 
Daiidin , Us first six ribs, instead of hooping rniiiul the .ibdoiiicii, 
extend in nearly a straight line, and sustain a prolongation of skin 
which forms a sort'of wing analogous to that ot the I’terodactylc 
Inde|)ondently of the four feet, this w'lng sust.uns the aninial, like a 
|iar.ichute, as it leatis from branch to branch, but the creature has no 
iiower to beat the air with it as birds do when flying '1 his reptile 
lives in the forests of the hottest jiarts of Africai, and in some isles of 
the Indian Ocean, especially in bumatra and Java. I he typical 
species is that figured at page 238 (hig 107), which comes from the 
blast Indies 

What a strange ])npiiIation was that wliicli occupied the earth .it 
this stage of Us history, when the waters w'ere filled with cre.itiires so 
extraordinary .as those whose history we liave tiacecl.' 1‘lesiosjiiri 
*aiid Irhtliyosaiin tilled the seas, uimn the surface of wliic h floated 
mnunienible Ammonites in light skifls, some of them .is laige as .a 
good si/ed c .irt-w heel, while gigantic 'Jiirtles and Croc odiles c rawlecl 
on the banks of tlic rivers and lake's Only one genus of Mammals 
h.id^et a]ipearecl, but no birds, nothing broke the silence of the .iir, 
af we except the breathing of the terrestnal reptiles and the flight of 
w mged msec' ts 

.'Hie e.arth cooled jirogressively up to the Jurassic period, tlie 
'rains^ost their continuity and .dninrlain c, and the ]ire'ssurc of the 
atmost>he're sensibly diminishecL All these circumstances favoured 

• y 
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the .ippcar.inc o .iiid tliu niii]li|ilii ation of iiinumcrablc s])(t( ics of 
aniuuls, singular forms lUcn shownl UiL’nischcs on tho uarlli 

Wc can scarcely im.igin(: the (mKligious iiuaiitity of Mplluscs ami 
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humid atmosphere, and, we have nu reason In donlil, a brilliant sun, 
promoted the growth of a Ui\tinant vegetation, siieh <is some of the 
troi>ical islands, with their burning temperature and maritime climate, 
I an only give us an idea of, though it ranged as far north as bpit/- 
bergen andr (Greenland 'I'he elegant Volt/ias of the i'rias hail disa|i 
jiearcd, but the Horse-tails {^EqimeUi) remained, whose slender and 
delicate stems rose erect in the air ith their graceful pani< les , tiu 
giganlK rushes .ilso remained , and though the tree-ferns had lost 
their enormous dimensions* ot flic Carbomrerous age, they still pre 
served their fine and dcliralcly fait leaves 

Alongside of these vegetable families, which jiasscd upwards from 
the.prcf ediiig age, an entire raniily —the ('ycads (I‘ig 72, p 168) — 
apjiear for the first time 'I'he) soon became miiiiiTous in gener.i, 
sucii as /amites, I’terojiljylluni (Williamsonia), and Nilsoni.i Among 
the species whu h characterise this age we may cite the following, 
arranging them in families — 


Oilnntoptcns cycadc x 
'laiimopteris Miiiistcri 
CampUiptcris crenat 1 
Olupitiis 

Alctlixiptcris * 


« \CAI1S 


■ IIMI 1 Ks 


/aniitcs ilislans 
/ unites hclcrnpliyllus 
/ unites gr icilis 
I’teruphyilum duhiuiii 
Ntlsunia umtigua 
Nilsunu ikgiiniivsiiiM 
Nilsimia Stcrnln rgii 


T-xmUs 

riiiilLs 

Vuuc 

Thxiites 

Aniicarites 

CnpressiUs 

nrachy]>1iylliiiii 


The ZamiU^ seem to be forerunners of the I’alms, winch make 
llieir ti]ipctiraiice 111 the following ojioih, they were trees of elcgnnl 
appcMrancc, closely rxscmblmg the existing Zaniias, which are trees 
of tropical Ameru.i, and es]jecially of the West India islands, they 
were so numerous m species and in individuals that thev seem to 
have formedj of themselves alone, one halt of the forests dining the 
]>cnod which engages our attention 'I’he number of their fossilised 

• s]iccies exceeds that ot the living siieiies 'I’lie trunk di tlic /amites, 
simple and covered with scars left by the old leaves, supports a thick 
crown of leaves more than six feel in length, disposed m fan-like 
shape, arising from a c ommon centre 

,'rhc Fta ophxlltnn (^VllllaInsoula), formed gre.it trees, of con- 
.sidcralije elev.ition, and covered with l.irgc pinnated Joaves from top 
to bottom ' 'I'licir leaxes, thin and iiieiiibranoiis, were furnished with 
lc.iHe(s trunc.iteil at the summit and traversed by fine norvurcs, not 

• Vunwrgent, but abutting on the terminal trimiatuil edge 

The Nilsonui, finally, were Cycadacea: rcbcmbling the Pteru- 
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phylliim, hut mth thick .ind < onarcoits IcMvct, Jiid short loall.cts con- 
tiguous to, . I lid in part attuhcsl to the 1 use , they were ohtiisu or 
nearly tniiKatud at the- siinmut, and would present nervures an lied 
or I untUiciil towanls that suiiiniit * 

'the essential charatterb of the \egetation dunng the laassic siih- 
penodwere i The great jiredominance of the Cycadaccas, thus 
tontinuing the deseloiiiiicnt whidi lommciued in the previous 
l>enoel, exijanding into numerous genera belonging both to this 



Millcpur^ ilcicornis 
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f.iniily and that of the /Muntes and Ni/sohm z The existence 
among tlie I'eriis of inaiiy genera with retu iilalcd veins or iitri iires, 
and under forhis of little sanation, which stariely sliuw theirisQlves iii 
the more an< lent formations 

On the opposite Jiage (Ih am XVI ) is an ideal landsiape of the 
laassic perioil , the trees and shrubs rhanictcristic of the age arc the 
elegant Fterophyllum, whith a]ipears m the extreme left of^the 
piiture, and the Zamites, svhuh are recognisable by their thick tind, 
low trunk and fan-hke tuft of foliage 'ihe large horsetail, or 
K(|insetum ot '(his epoi h, mingles with the gro.it 1 ree ferns .lod, the 
Cypress, a Conifer allied to those of our own age Among animals; 
wc see the I’terodattyle sjiecially represented. One of these reptiles 
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IS seen III .1 sl.ili; of repose, restnur on Us lim<l leel 'Hie other is 
represented, not lljmg, after the manner ol a Inid, Init throwinjf itself 
from a roik 111 onkr to sei/e mion a winded insiil, the rlranon-lly 
(/ ihellnta), llie remains of which luive been chsro\ercd, associ.ited 
nithXhe bones of the I'lerodactyfc, in the lithographic limestone of 
l*.ipjicnhcini and Solenhofen 


OllLllK Slim'i Kion 

4# 

I’his period is so named because manj of the limestones entering 
into the romposition of the formations it romprises, consist almost 
entirely of an aggregation of rounded tone relionary grams resembling, 
m outward appearance, the roe or of fishes, and ca< h ol which 
loHtaiiis a mieleiis of,s,ind, arouncl which coneeiitric l.ijers of c il 
larcoiis matter have ac c uimilatecl . whence the name, from u>oy, tii};, 
and AcO«», s/om 

'I’lie Oolite senes is usually sulMliiuled into tin et sections, the 
/ imvr, AluWf, A\\i\ Upf'it Oohle I he sc rocks lorm in V.nglaiul a 
bind some thirty miles liicxul, ranging across the counliy from York, 
shire, m the nortli-cast, to Dorset, in the south-west, but willi a great 
diversity of inmeral characten, which has led to a (urliier subdivision 
of the senes, founded on the esistencc of panic ular strata in the 
eentr.il and south-western c ounties 


I'ri’i R 
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'riie alternations of clay and masses of limestone in the Liassir 
•md (hihte fc^rinations iinpirl soiiie iniiked features to the outline of 
tlie scenery both of I'ram e and Kngl.uid foniimg l)ro.id valleys, 
seiuratcil from e.u li other by ranges of limestone lulls of more* or less 
elevation In hranre, the* Jura mount mis are composed of the* 
latter , in Kngland, the slopes ol this fonn.ilion are more* gentle* - the* 
valU*ys arc intersected by brooks, and clothed with a nch vegetation , 
U fom^s what u> eallcd a tame landscape, as compared with the 
w ilcler graicdeiir of the Vninary rcjcks — it pleases more than it sur- 
prises It yields materials also, more useful than soine of the older 
formations, miineroiis cpi.nnes being met with which furnish excel- 
lent building-materials, csoceiallv around Bath, where the stone, when 
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first IS soft .iinl easily worked, but 

bci tuiiLS luinlir on i'\|>i>siire tii flu* air 

'I he nnncxecl set tion (I'l}' loc^) will give 
sonic nlca of the ronfi^riiratiun whuh the 
str.ititii itiun assumes, such as iiia\ lie ob- 
served in prut ceil ing from the northwest 
t<i the soiith-tasi, from (..'acimarlhcnshirc 
to the Kiiiks ot the Ouse 

I o\\ IK Ooi 1 1 1- Vauxa 

One of the most saliemt features 
of this section is the ple'iitifiil ai>- 
peaiaiic e of animals, belonging to the rliss 
of Mainnuls lint the organisation, ijiiiti 
special tif the first of the Mammalia will 
certainly be a matter of astonishment to the 
reatler, and must sati-fy him that Nature i>ro- 
cecdeii in the • rcation of animals by siit tes 
si\e steps, by tiansitions whit h, in .111 almost 
iinpen eptiblo manneT, connect the beings 
of one age with others more t ompht ated in 
their organisation 'I'lie first Maninials w hii h 
appearetl iiiKin the earth, lor c\am]>lc, 
tlicl not enjoy all the organic aitrihiiti's, 
belonging to the more recent creations of 
the class In the l.itUr the young are 
brought forth living, and not from egiis, 
like Jlirtls, Rejitiles, and I'islies lint the 
former belonged to that orcle^r of .iiiimals 
r|mtc sjiecial, and never numerous, the 
jenmg of which are transfi rred m a h.ilf- 
cleveio|>ed state, from the body of the 
mother to an external pouch in which thv.y 
remain until they become perfet ted , 111 
shoit, to marsupial animals 'I'lie iiiother 
nurses her young during a certain time jii a 
soit of {louih external to the body, in the, 
neighbourhood of the abdomcfi, and pro- 
X ided with teats to which the young adhc,re 
After a more or less prolonged sojourn iff 
this (louch, the young animal, when sufli- 

. V. 
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( lentl). mntiiFcd and strong enough to hatlle witli the world, cmergLS 
troin itb warm retreat, and enters fully into life and light , the prut ess 
liemg a sort of middle rmirsc between oviparous generation, in whiih 
the animals arc hatched from eggs after exelusion from the mother’s 
body, hkt% Jhrds , and viviiKirous, in which the animals arc brought 
fortji alive, as in the ordinary Mammals 

'1 lie animals under consideration are sometimes termed, from a 
peculiarity in their structure, non-placental mammalv '1 hey arc brought 
forth in an imperfect state, tand during their transitional t onditum are 
su< kled m a pouch supported by bones called marsupial, which are at- 
tached by their extremities to the pelvis, and serve to support the mar- 
siijmirn, whence the animals pro\ ided with these provisions for bringing 
II] > their progeny are called Marsupial Mammals 'I'he 0]»ossums, 
Kangaroos, and Wombats are existing representatives of this group. 
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The names of Amplitllieiium Phascoloiherutin are given to 
the earliest spe<ies whose remains have been disiovered in tlic Great 
Oolite, though, as vve have already seen, sjici ics of a still c,irlier dale 
appear in the RhjEla beds (p 207) I'lg 1 10 rei>rescnts the jaw ol 
the first of these aniiiuds, and I'lg ii i the other both of the natural 
si/e 'rhesc jaw-bones reiircscnl two out of the six known sjiecus of 
oolitu mnrsiipial animals, and Jkiron t'livier and bir Kuliarcl Owen 
have.lHith dixidcd .is to tlieir origin ’I lie first was f<«ind m the 
Stonesfield (piarnes 'I'lie I’liascolothcrinm, also a Stonesfield fossil, 
was the ornament of Mr Brodcriji’s collection I he aniin.ils whit h 
lived on the hnd during the Tajwcr Oolilu period would be nearly 
the same with those of the laassic. i ho inset ts were, [icrha|is, 

more minioroiis , , ■ . , „ , 

he Atisiiinc fiiinci iiirliKicrt R.eptilcs, iMshcs, Molluscs, dnu 
Zpophytes. Among the first were the Ptcrodat tjle, and a gre.il 
baucian, the 'relctisaiinis, belonging to a family whith made its 
appcatniice in tins age, and which rcajiiiears in the folloiwng nioi h. 
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Vmong the' I'ishcs, thc(i.inoiiIsaiul Ophiopsis predominate Among 
tlic Ammonites, Amnwmtes Ifuui/t/iniSMiins, A Ifinvyu {Vxg 112), 
A Bt miifniarti. Nautilus iuiMtux, and many other representatives of 

the icphalopodoiis Mollusca Among 
the Brachio]x}ds are Tcrebratula 
(iMg T13) and T s/>m>sa Among 
the (Jastero])oda the Bkurctomana 
cotwiJea IS remarkable from its elegant 
sliapc and markings, and \ery unlike 
any of the living Pkiuotoma as repre- 
sLiittil by P Babylonia (I'lg 114) 
Oitiea Mai\hu and Lima 
I whit li belong to llie At ephala, .ire 
fossil Molhisia pf this epoch, to whudi 
also belong Lhialophora eellai loiiles, Bscltara Jianviliana, Butuulo- 




1 IK 113 
AiniiHHiKc^ 
N<rrvi^ii 


Hir 11*' 
itrcbrituli 



pom ceiTitOinis, elegant and tharai tcnstic molluscous I’oly/on 
We give a representation of two living s|)e(ies, as eshibitmg the ’ 
form of tlua>e c iinoiis } leiiigs. (!■ igs 1 1 5 and 1 16.) 
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The -Kchinodcmis .uid Polyp*, appear 111 great numbers in the 
deposits of the I, oner Oolite. Al'tomtnts dedans, JI)boil)pHS 
^tbbet ulus,^ Dysaster hndesn represent the first , Montln'aUia latya- 
phyllata, Anatxuia orbulites, Crypiottrnui baca/ormis, and Eunomui 
ladtata rei^esent the second 

'ihis iLst and most remarkable species of Zoophyte presents itself 



111 great masses many yards 111 ciminiferenn. , and iii f I’ssitates a long 
period of lime for its prodiutuni This assemblage of liltle < reatures 
living under the ivaters but only .it a small depth beneath the siirfaie, 
as Air Darwin lus demonstrated, has nevertheless prodiued banks or 
• Miller 'islets, of (onsiderable ext* nt, whu h at one time ( onstiliited 
ventablc reefs rising out ol the oiean 'these reefs were principally 
constnuteil in the Jurassic penud, and their extreme aliundance is 
one uf the charactenstics of this geo1ogie<il age 'llie same idie- 
nonienon continues >n our day, but by the agciycy of a new r.i( e of 
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i» CUf iitcriN iliiiiii Oiypunsi oUii -i fitopUris i«.iiiiiiii it i , 4, Otoptcns (nncat*! 

700ph}ti.s, nhu ]] t.irry on tlu'ir ojicrations, pn paring a new con.inent, 
probabl}, in the of the I’acifw (Kean (Sie Im},' io!l, p 240 ) 

i he flora of the epo( ti was \ery rich 'I he Krns « ontiniie to 

exist, but their si/e ami bearing were sensibly inferior to wliit they 
had been nii tlie precc^iling period Among tlieni Otoiiteris was dis- 
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tinguisljed for its siin]i1y pinnated leaver, whose lealluts are aiiriciilatc 
.It the base of its fi\e s])e<iub, i, (i titthm 2, O ohfusa . O 
iiainnmifn , and 4, O atm-atm (hig 1 17), .ire Iroin the Oolite In 
.idclition to these we maj n.amc Coinof>ten\ lUuttiivivm, Piio/>ti‘n\ 
/ianm'ersti, Pac/i\/>ti/i% laiittolafiiy .mil P/Ue(>(>f>len 6 Philltf'ni , .and 
.imong the Lyeoiiods, / viop>ditL\ tiiUatu\ 

'1 he \egetation ot this (poih h.is ,1 peciiliir I.kils, jioin the 
presinit ol the f.imih of iht P.iiidanai i. <e. or st rLw-pincs, so rLiii.irlv 
.ilili for their .leri.il roots, .ind lor the in.ignitii eiit tiitt of Ii.nes wliuh 
ti'rminales their hr.niclns Neither the le,i\es nor tliL roots ol tin. si 
pl.ints have, hovM\i.i, been loiind in the fossil si.ite, lint wi ]iossess 
spei miens of tlieir I.irgc .mil sjiheiii.il fruit wliiih le.iM. no 100111 lor 
iloiibt .IS to the nature of tlie entire id.ant 

\'l lie t M .uls were still representid li\ the /iiM/iif, ,\ni\ bt m.inj 
spec les ot I’terojihvlhnn I he Conifi.rs, th.it gr.iiid l.imilv of nitiU 
times, to whiih the ]iints, tiis and rnlier tuts ot 0111 iioitlurii 
forests belong, lug.in to ociiipx .in nnjioitant p.iit in ilu world's 
'egLtation from this ipoih 'Hit i irlitst Conifers btlongtd to tlie 
genera 'lhiuli\ .ind Ilu ///////o win tiiii 

f'/mvas, evergreen lues of th( pusmt ipoth with lompiissid 
brain lies, small iinbrit.iud and stiraitd It.ivts soniiwh.it rtstinbling 
those' of the Cv press, but distinguished bv ni.inv points ol sjieiMl 
oig.inisntion I he have bmi leftrred, wiili some tlonbis to 

th^ Yews iMii.ill), Iht /b<?<//i///i////w wiic trvis whn li, .11 1 oiding 
> tb the ch.ira( tv.iisti<.s ot their vegLl.itioti seem to h.ue .ippro.u licit 
nearlv to two existing geiier.i, the. of l.isnijina, and tlu 

of South Min.i I he li.ives ol tin Mr.n In phvlliiin 
are short and flesh}, with a huge and rlioinboid.il base 


I OVVI. K ( )<ll I I I Roi K' 

I ho formation whnli repiesents the 1 owei Oolite, and wliuh in 
I ngl.ind ati.nns an .iveiage thn kiicss of troin too to Ooo ieit, loims 
.1 verv lomiilex svsicni ot stratifn ation, whnh me 1 titles the two 
Inrnialions, Pajocun and Patluwuin .ido]ittil bv M OOrbigii} and 
Ills, followers 'I'lu lowest beils eif tin /nft)hu Oohtf on nr 111 
\orm.i.ndy, in the Lower \lps ( Hasses- \lpi s) m the 11 ejgh bom hoods ol 
Ivons aim Nein lintel 'I he} .iri remarkable near Ihueiix foi the 
v.ijietv and beaulv of their fossils the* roihs are I'uniposed priii- 
"(ipaliv of limestones— vellowish brown, or red, cliargi.d with hvdrited 
oxide of iron, often oolilie, .iiid leposing on i aleareous s.incis J hese 


f 

f 
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dt'posits .ire siirniouiilLd bj' alternate layers ol day and marl, blue 
or vellow the well known I'lilh-i s htut/i, wine h is so called from its 
use in the inaniitac Hire eit wool'en fahrus to extraet the grease 
hoin the wool The second seric*s ot the Lower Oofllc, whidi 
attains a thickness of Iroiii 150 to aootcet on thc(0.)stot Normandy, 
and IS well developed in the nc ii'hbonrhood ot Caen and in the 
Jura, has been divided in liritain. into lour tornintioi s, in an 
ascending scale 

1 '1 he (rhiit cir /iat/i Oolitt. whub consists jirineipally of a 
very c haraelenstic , tiiie-grained, white, solt. andwell dev clu]>eci oolitic 
nme'stoiie, U Mull, and also at C'acn in \orinandy \t the base ot 
the (rre.it ( lolitc* the' 'stone slide I IkiIs oeein in which were loinid the 
bones ot the iniisupiil M iinmals, to which wc have alreaclv alluded, ' 
and along with tlicin bones ot Reptiles, jirinc ipally 1 ‘temdaety'es, 
toge'ther with some line 1\ - pie*st rved fossil plants, fruits, and 
insects 

2 niaif/oii/ ( /rti whieb is .1 bluish m.irl, containing many line 
I'aicrinius (coinnionlv called stone -hhes) but which hid only a loc il 
cMstciKc, appc.iiiiig to be iliiiost entire b coiilincci to tins loniiation 

In tins case, liowevei, sivs Lvell, ‘ it i|ipc irs thil the solid uiipei 
surface of the ‘Circ.at Oolite h.id supported lor a tunc, a thick 
submarine torest of these beMUtiliil /oophvtes, tiiilil the dear and 
still water was invaded with a curieiu cluirgcd with mud, which ihiew 
down the stoiu*-lilie's, and broke most ol lluir steins short oil near 
the point ol atiac hineiU The stumps still remain in itieii ongiiuL 
position"* Ve I'lg 1 I’l vii Al\, p afn (HracUoicI or I’ear, 
Isnerimte ) 

3 T'oiiit Maihfi whidi consists of an argillaceous shdiv liiiu 
stone, abounding in marine lossils and saiidv and cpiariAise marls, is 
cpnirned in llie torcsi ol U'lchwocid 111 Wilisime mcl 111 the counties 
ot Dorset, Wills, and Somerset 

4 1 he Cofubia^h (wh< .it-lamls) consists of beds of riibbly cream 
coloured liiiiestcine, winch lonits a soil ]i.irt[c iiliily tavuurable to the * 
cultivation ol cereals , heme its nanu t 

rile l.ovvc'r Oolite* laiiges u ross the greater pan ot Kngland but 
“attains Its maMimiin devdo]>nient near Cheltenham, where it can 
be subclivuled, at least, into three jMrts Ikissiiig noith, the two 
lower clivi'ioiis, e.ai h more 01 less 1 harai'lerised by its jvvn, fossils,, 
disajipc IT, and the Ragstone iiorth-easi of t lieltenham lies direetlv 

• 

• “ 1 IlhuiiK til < iinlugx,’ t • 

^ )cc Ijiistow in C At ihii^uc ol Koi.ks, in Mtts ViiHt (/< «'/ . !■ 134 
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upon till. 1 MS. appirintlv .is i ontumialiiv .is il it torincd its triii .ind 
iinmLdMte siinussor, while .it l)iiiidr\ the ei|iii\. dents of the iippci 
/reestoiits .mil Miistcines (the lowi'r beds In 111.' .ihsi nl) lie direi th on 
ihi exi eeiiiiif'U thin s.ini Is, whii h there o\i rlii tlu l.owir ins In 
I )orsU:s)iiri‘, on the luist tlie sines i-. .ii^.iiii jjeilnl tliiiiiLrh thin 
\l,ii I hippiiu' Norton in < txiordsliiri tlie Infi iior ( )ylite dis ippeais 



I I I ^ - M*. imlniM f *1 il » 
Tl, V !■** * ' « 

K< • t til ( iiril ) 


dlom-the‘1 .mil tiic (in it >)i>lite, hinnit liiil oieil.ippi'd ifie hiiHers’ 
1 irth, passes leross die liifeTior ( tohvi .ind 111 iis liiin see’iiis to lu 
on the' I 7 ])])cr l.i.is with .1 remil.iii|\ as peTfe'i t .is it no formation in 
the iieij^hboiirhood i.imc hi'twnn them In ^o^ksll1le llic ih.inite'd 
Ivpe of /he Inferior Oolite, tlu jmx d. lu 1 of smds Isn<l-]dints, and 
beds of io.d 01 1 iir in siuh.i niaiiiii r as to li.i\e' nn^doubt of tlu 
presonee of tern stria! siirf.ii es on wliiili the pl.nnls j^re'w and all 
■these phenomem lend to the c 0111 liisnm th it \ irions.ind i onsiiUnbli 
ost illations of U\l1 took pl.n e in llu Urilish .ire.^ diiriny th*. dijiosi 
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tu)ii of tlic Strata, butli of the Interior Oolite and ot the formations 
wlmh imnicdialclj siuieed it”"* 

'I'he Inferior Oolite here alluded to w a thm bed of lahareous 
friestone, renting on and >>01111. limes n]>la(.ed by yellow s 4 nd, wlmh 

< onslitntes till p issage-beds fioin the laassu senes 'rjie fullers’ 
Kartli ilaj lies betwein the limestones ot the Inferior .ind (ireat 
Oohle. at llie kise ot whieli I ist lies the stonesheld slate a slightly 
oohlii shelly hnu stone or llagg\ and lissile sandstone, some si\ 
feet thick, rieli m oiganii remains, and langing through Oxtordshire 
towards the north-east, into Xurtluniptonshire and Norkslnie At 
Colley Western, in \oilhainjitonshiie, lossils of Pnophns polypo- 
t/tou/ti aic found In tin liresit Oolite fetriii.iiion. near Hath, arc 
inanv corals, among uhich the hunonna uufuila is \erv eonspuiienis 
1 he fossil Is not unlike the e\isling Iiram e'oral of tlie tropical seas 
(I'lg iiS) I lie work of tills c or.d seems to ha\e been suddenly sto]>ped 
hv ‘an insasiun,’ susltell of argillaie oils nutter wine h probably 
put a sudden stop to ilie growth of Jlnullord Kiunnites, and leil to 
their preservation 111 marine slrita ’ + 1 he ( ornbrash is, m general, a 

< ream < olouieel him stone .1 bout forty teet line k in the south-west ot 

fngland, and oieup\iiiga eonsuleiablearea m l)orse‘tshire‘ and North 
Wills, as at ( nekkuU, \TaImesbiiry, aiiel Chippenham, in the latter 
county olwaht IS its c lumeleTistic *ciieil, and 

clunuiihju\ /.mill and 'h'uula t\/umi(it occur i iiiistantlv in 

great niiinliers Wlieii\er it occurs the ( ornbrasli alloids a rich and 
fertile soil, well aclajited for the growlli ot wheat, while the fyreM. 
Marble, as a soil, is geiieralh poor I lu ( ornbrash i»asbes down- 
w.irds into tlie' I’ore*st -Marble anil some limes, as at Jlradlord, near 
Hath, Is rc]) 1 ac cel b\ < la\ this ela\ calleil the* Hradford einv, is 
almost whcjlly c onliiu'cl to the < olmI^ of Wilts leiibiatula Jaiiisa/a 
is one ot the most c harai lenstic fossils, but the most c.ommon is llie 
A|iioc mules or peir-shaped eiu unite, whose re m.ams in thiselay are so 
peTle'c tly presi rved lli.il the most minute artieulaiiuiib an olU'ii found 
in their natural positions Hi \ 1 1 \l\,iJ 20 1 (fig i), re pres *nts an ' 
adult alt.iihid In .a solid lube to the rot ki bollum on wliieh itgre'w, 
wiiilst the snnller iiicliMduals show the fncrinite in its young slate - 
one with arms e’\]ianeled, the othe*r with them ilosed Ripple- 
marked slabs ot fissile forest Marble are used as a rootmg-slate’,.and 
may be trace. I o\rr a breud kind of country iji Wiltslure* and 
fdoiic eslershire, se'|j.irated from e.icli other In thin seams of tlay, in 

* l’ri><iilim >. \tli’ri .H, liy Professor A C R,iinsa\ youi Geo! Sin, 
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whu h the undiiKmnf; ndj^cs ut the vi»il ire ijreser\eit, diia \*ven 
the loutmarks of sinnll ( 'riistac .ire ^tiil mmIiIc 

( )n the opposite payc ( 1’lai i W 1 1 ) is represented an ideal lanrl- 
siape ot the period ot the Ixivver OolUo Un the shore .irc types of 
tlie \L%etat.on ot tlie period 'I'hc Zirwrfu. with l.irge tinnk roared 
With tan-like le.ives, reseinlilcil in forni and liLiring the c\istini> 
/iinias ot tropical regions . .i /V't/fi/>/;r////w with its sum io\tred 
lioin tiase to summit witli Us Imely cut fcitlien leave-' < omli.rs 
rloscK resemlihng oiir ( iprCss, and .in arhoresi cm hern Uliat dis 
tinginslK-' this siih-period from th.it of tiu I.ias n a group ot in.igni 
111 enl ircc-s, /'iiw/l'tfwwr, um.ukahlc for then .tenal root-', their long 
le.iies, .and glohiil.ir fruit 

' I pi in one ill the tiers III tins group the .aitisl has |il.iiid the 
PhMiohlhii nun not \cn unlike to mir ( tpossinn It u.is ainoiigsl 
the first ot llu Ahimiiuti i rvliuli appc.trcil m the anc u lU world 
I he artist h.is here enlargril tlie iliineiisioiis of the .iinmal in oidi r to 
show Its form let tin le.ailer reduieit in iin.igin.ntmn one sixth, 
for it was not larger tlian an ordin.m si/ed i .U 

\ ( nil oiiile anrl tin tUshless skvlelon ol the 1< htli)i)s.uiriis 
remind us iliat Reptiles still oicupiid an import.int pl.ii e in tlie 
animal ( re.ition Many Insei ts, espei lalh Dragon Hits, tlv about m 
the air kmniomtvs flo.il on the surlaie of tin wave's, and tin 
teiriblo Pksiosaiinis, like a gigantu swan, swims alioiit in the sea 
The ein iil.nr ictf ol t oral, the work of am lent I’olvps, foresh.ulow's 
*'i.he atolls ot the great ocean, lor il wa-. during the |nr.assi< jjenod 
that the* I’olvfis ot the aniient vvoilu were most aitivc in die prodiu- 
tion ot lor.il ri'ets and islets 


Mionir CKiuii- 

The terrestrial flora of this .igc was composed ol T-erns, rycaiis. 
and Conilers The first represemtcil bj' the /\uh\pttii\ mtnol'hvlla 
the second by Zaun/ts Moieana Jinuhvftfiyllum Mohiti'itm .and 
B w/r;//i appear to have been the C’onifers most < tiara* fcnstii ol the 
ficrioel, friiils have also been fovnnl in the ro* ks ot the period, 
whirh appear to lielong to I’aliiis but this point is still olisriire 
Sind iloi.btfiil 

Numerous vestiges of the fauna wlnih anniiaied the ptmul are 
ab.» revealed in the rocks of this ige Certain heinipteroiis inseits 
‘appear on the earth for the first time*, and the Bc*es among the 
Hymenoptera, Butterflies among the 1 ,e*pidoptesa, and 1 )r.igon-flies 
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•iniung the Neiirdplci a In the I>osom of the ocean, or uf)on its 
banks, roamed the Ii/ilhumvttus, CeUosaut us, Plaoductylus ctmsi- 
lOilm, J'/aoiaurits, AL^afosaurus, Alurtenosaurus, and oth^r reptiles 
'Ihe Ceteosaiiriis whose bones hase been discovered m the upper 
beds of the (!rcat Oolite at Knslo« Rocks, at the Kirtlmgton Rililway 
Station, north ol Osford, and some other ])laces, was a species of 
Lroioilile n«.arl\ rc'cmblirn; the imMlern (iavial or Crocodile of the 
(ianges 'lliis liiigi whale-likt reptile has been described by Pro- 
fessor John Phillips as unmatched in si/d' and strength by any of the 
largest inhabitants ot the Mc*so/oic land or sea -one of the largest 
animals that e\cr walked uiiori the earth A full grown Cclcosauriis 
must ha\c been a/ /s-aj/ hfl} feet long, ten feet liigh and of .i propor- 
tionatc bulk In its habits it was probably, a marsh lining or rivei- 
side anim.il, dwcllmg amidst lilircne, i itacb’c eons, and conifcifjiis 
shrubs and trees full of insects end small inaimnalia I he one small 
and impeilecl tooth which has luen loiind resembles that of 
Iguanodon more than of anv other reptile , and it seems probable 
tlut the Ceteosaunis was nourished h> vegetable food, whuh abounded 
in the vicinity of its haunts and was not obliged to c onicnd witli the 
Mcgalosaunis for a scanty supply of more stimulating diet * 

Vnothcr reptile allied to the Plcrodii'tyle liverl^in this epoch -the 
Rhamphiuhyuf/iiii, distinguished Iroin the Ptc‘rodJcl)lc hv a lung tail 
The imprints which this c urious anim il has left upon the sandstone of the 
])eriod are iiiipiessioiis cit its feet and the linear furrow' made by its tsail 
lake the Pterodac tvlc,the Rhaniphorh> n< bus, which was about the si/iT 
of a crow, could not precisely 11^ but. aidecl by the wing (a sort of 
natural parachute lormcd bj the meuihraiu* c onne'clmg the fingers 
with the body), il c ould throw ctsc If Irom a Jic-ight upon its prey 
1' ig j icj represents a restoration ol this annual 'I’he footprints in the 
soil are in imiiatioii of those which arcomjiany the remains of the 
Rhamphorhsnehiis m the Oolitic rocks, and they show the imprints 
of the anterior and posterior feel, and also the marks tnacle Iw the tad , 
This tail was vcr> long, far siirijassmg in length the rest 'of the 
vertebral column, and consisting of more than thirty vertebra; — which 
were at first slu^rl, but rapidly elongated, retaining their length for a 
considerable distance, and then gradually diminishing m si/e 

Another genus of Reptiles api>cars in the Middle Oolite, of which 
we have had a glimpse in the laas and Great Oolite sjf the preceding 

section 'l'hi>»is the 7l/eosau/u», which the rec-ent investigations of 

• 

* i (ir a full wKCrtiiU Ilf the C teo'iaurus, see “ The Geology of the 'niaiiics 
\allc) b)*l'riil John ghilli|ii, I' R S 1871 
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M K Dc'jlongchjinps allnw oi rc i uii'tlriK lion The 'IVlcos.mrii') 
(.ii.iMis li', 1(1 lorin cl piolty c\.u I uIlm (iI ihosi; (’rot oilile-i ol iIil 
in< lent sc.ns these < iiir.isseci Rejitiks wliuli llie (leiinin ffenldijist 
( 'ottci (lest nlies .is ‘ the }?te.it lurons ol t'li kingdom (it \'( |tliine, 
iriiied to the teeth and doihed in .in iniiienetrdiU* innojily , iIil 
iriic fiiriiiisters of the |ininiti\i st is ’ 

'I he ’1 eleoscUiriis rest milled tin (i.niils of Indii I In* fornur 
inhibited the hanks ot riieis, pethips tlie se.i itselt , thej were 



loiif'eM , nio''e slendi r .iiid more .n li\e tli.in the li\ nii,' spenes , lliey 
Mire cilxuit ihirt) lut m kiii'lh, ol iihidi the held ini\ be fioin thn i 
to four leet, iiith lluir i noriiioiis jiiis soiin nines iiilh .in r)|)enm^ nl 
SIS. leet, throii”h i\huh the) (oiild eii^iilt, in the depths ol tin ir 
•nonnoiis throat, .imin.iK ol eonsiderable sve 

'J’he 'J'thoMiui Ui laJoHuuus is represented on the ojiposite p.i^e 
(1*1 Alb XVII I ), after the sketdi of M 1'. I >islon^di imps, t arr) iii^ 
from the sea in its mouth a Gtokuthn, a sjiii us nl ( alamiry ol the 
OohtiL eporh 'I'liis creature was coated with a cuirass both on tin 
back ami belly In order to show tins peeuhariti, i Ii\ui(rincli\idii.(l 
Is represented on the shore, and a dead one is floatmi' on its ba(,k in 
shallow water, leaving' the ventral mirass eviiosed 
. * Jlefpnrl the '/ihvsaums titi/ounnui in the entfra i^iii;f, anotJic’r 
Saunan, tlie UyAeo^am ns, i& lepreseiite'd, wdiieh make"; its apjiearance 
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in tlic Oct.u (.oils L]iiK.h ^^L li.uc here .ulnptcci tliu restoration 
wliiili lias belli so .ibly evirriited !)>' Mr. Waterhouse Hawkins, at 
the (. nst.il I’.il.Ko, Sjdenhini 

I'lOsiiU s the niiniiroiis bisliesnith whieh the (hilitu slms swarmed, 
thi\ I onUiined some ( riist.n tans, (’iiripeilLs, and \anoiis geijera of 
Molliis( a and /oopliv tes hi von aiififoi mt\, n jin seiiled in I’’!}' 1 20, 
bt'lonjiS lo the diss of Cnisiai e ins, of wliuh the spin) lobster is the 
tipe Ainoiii; till Molliisi a mri some Ammonites, riclemnites, and 
Djsteis, of nliii li mail) InindriHl sjhcii^ hate been described CJf^ 



these we may mention Ammomtes rcfiactus, A Jawn and A cordatus, 
Oitna dtlatafa, 'huhaUthi difhya, Dteuas amfuin, Ihltmmh^ lun- 
tatui, .111(1 B Biizosiiiiihs In bume of the finel) -laminated ejays the*’ 
Ammonites are lery perfect, but vmiewli.il i omprossed, with the outer 
lip or maii'in of the apeitiire entire (T'lg 121) Smnl.ir prolongations 
haM biin iiotii((l in liiliinniUs foiinil b) Dr Mantell in the Oxloid 
Cla), ni.ir (diippeiihain , 

Among tlje h elimoderms Cidativ };/imdi/cf us, A/>ioiniiUi Jiotisy- 
aiiHS, .iiid A nifiuidtif, the grac eful SncKKoma pcctimtum, Mtllerunmis 
nodututuus, Xomatula u'stata, and Hemitidiii is crfHularis .posy 
be mentioned, Apiocninlts lohindus (Pi-mi XIX.) is a reduced, 
reblorntion 1, being evpanded , 2, < losed , 3, a iross section of the 
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■tppcr c\trL'imly <»f tlii. ptiir-sli ipul j, .] \tilical sl< lion 

allowing thi oiLlargLiiu 111 ol thi .ilnnontar) (..iiul, witli the hollow 
■iiitKiil.ii spaces winch ilesc end through the a\is ot the' column, 
toMiung the joints, and giving elastic itv and i1e\iiio to the whole sti'in, 
wilhouU risk.ol disloeatiun toluiuhis is foiiinl at ihacllorcl in 

Wiltshire, Mihotsbiiry in l>oise*t, at Soissons, and Rochelle' Tins 
spc.c les known .is the lir.ullord IVai-hau niiile ' is onl} round in the 
>ii.ita inc'nticinecl 

''Ihu Corals of this e|iuc h, oc c ui in great ahiindanci We have 
ilieady remarke'd that tliese aggiegations of Tolyps are often nut 
u ith at a gre it de plh in the' sir it. i 'I lit sc sin ill c a1i are'cms striic tun s 
have been loinied m the am lent seas, .mil the same phenumi'iioii is 
fsteiicling the terre'ttnal sintate in our da>s in the seas of On ini.i, 
wlieie reels .mil atolls ol cor.il are rising by slow .mil im)ieic e ptible* 
.te|is, blit with no less ee* tainty Mthoiigh then mode oi ])iodiiition 
iiiiisl alw.iys leniain to some evteiit a mvsterv, the mvestigitioiis of 
M.. l.amaiou\, Mr ( harles Darwin, anil M l)’Otbign\ hive gone a 
long v.ay towaiels e\pl lining the'ir opei.itioiis, tor the' Zoophyte in 
It tion IS an .iggrcgatioii ot these miniiu I’olvps Desi nbmg wli.it In 
believes to be a sea pen, a Zoophyte' allied to I ir^nluHa 
Ml Darwin says “It consists of a thin, sp light, lie shy stem, with 
ilieinale lows ol ]iolypi on each sitle, and surrounding an el.istii 
siony .IMS 'I he stem at one evtiiimty is liimc.ile, biit.it tile otJier 
Is te'vnnn.ite'd by .1 v'e'rmilorm lie shy aiiiie'iicl.ige' 1 he stony avis 
jjhfc h gives stre'iigth to the stem, ni.iy be ti.ii eel at this evtreiiiity into 
i mete vessel lille'il with gr.iinilai ni.iUei At low w.itcr hundreds of 
iliese zoophytes might be see u, projeeling like s|iibble,w itli the tiiiiu ate 
I lurupw.iids. ilew me lies .ibove thesmf.iii ol the niiiddysind When 
loiiihed or |iul1ed the v chew themselves m suddeiilv. With loiii, so 
.Is ne.nly or ipiite to dis.ippe.n l!y this .u tion, tlve highly -elastic 
IMS iniibt be hunt .U the lower evtreinity, when it is n.itiirally slightly 
curved, .and I ini.igine' it is by tins elastic ity .done I'l.it the zoo|)hyle 
Ts enable'd' to use ig.im through the mud I'.uli polvjiiis ihcuigh 
< losely united to its hielliieii, has a distiiul iiiiiiith, bodv ind teiit.i 
c ul.i Ol these polv|n, iii .i Inge sicec line ii lluii iiiusl be ii.iny 
tliousaiids Net we see that thev .i< t by one movLiiuiil, th.it they 
h.i\L«ime < e iiLral avis, loniieited with i system ot obscure iiniili 
Uoll ’ Snell the briel ic ■ Olinl given b\ i viiv .u lUe obsLivel of 
these singiil.ir lieiiigs 'I hi \ siciiU llu i ili in mis m.iltir lulcl m 
sijliitiein in the IK I anil w.itcis .ind jamliui the vvondi iliil slriti liiii s 
^Ve h.iv^ now uiide r I onsidei ituni , .mil these' lali.ireuiis li.mks li.ive 
hee'ii in course of torm.ilion during m.iny geolojju al ages, 'I’liey 
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just reach the level of the waters, for the polyps jicrish as soon as 
they are so far ah«)ve the surface that neither the waves ncjr the flow 
ot the tides can reach them In the Oolitic rocks these banks 
are fre(|ucnl1y found from twelve to fifteen feet thick, and many 
leagues in leni'th, and jireserving, for tlie most jiart, the rel.itive 
liositioiib vvhieh they oeeiipied m the sea while fn course of 
formation 

The rocks which now represent the Middle Oolitic. Period are 
usually divided into the OxfoiJ Cla}\ the lower iiiembeT of wliiehis 
an arenaceous limestone, known as tfic* KtUtmiays Koik, whic'h m 
Wiltshire and other parts of the south-west of hnglaml attains a 
thic'kness of eight or tern (ic‘t, with the imiiressions of miinerous 
Ammonites, and other shells In Vorkshire, around Scarborough, it 
reaehes the thick iie'ss ol tliirlj feet, and forms well-de\eloiiecl beds of 
bliiish-bl.K.k marl in the department of Calvados, m Prance It is 
the base of this < 1 iv wliuli firms the soil th' Divit) of the 

valley of the Auge, renowned lor its rich jiastiirages and magmliient 
cattle The sinie beds form the base of the oddlj -shaped but ftnc 
rocks of Li Alain he, wine h are popularlj known as the I iit/trt Ahnns 
(01 blac'k cows) —a localitj celebialed, also, lor its (me Ammonites 
transtorined into jiviitcs 

The 0 \/onl C/ay constitutes the base of die hills in the neigh 
boiiihood of(.)srorcl, loiiniiig i bed of c lay sometimes more than 600 
feet thick It IS loimd well-dc vc*Io|h.c 1 hi I'raiuc*, .it Troiiville, in 
the l)e]Mrtnient of Calvados , and at Neiivisj, m the Department of 
\rdennes, where it attains a tluekness of about ^00 feet ll 
Is .1 bluish, s9metniies whitish ' Iiiiiestone (often argillaceous), and 
bluish m.irl The Gnf'/uca diiatata is the most eoiiimon fossil m 
the Oxford tXiy The Coial is so ealled from the fact that the 
limestone of which it is chiefly eomjiosed consists, in ]iart, of an 
•iggreg.itioii of ( onside rable masses of |>etrilied Corals, nut unlike 
those now’ existing in the I’.uific Ocean, supposing them to be 
covered up for ages .iml fossilised 'I his coial stratum extends 
tbreuigh the lulls ot IJerkshire .iiid North \\ ilts, and it occurs again 
iie.ir bearburuugli In the coiiiilies cif Doiset, lieclluid, line kmgliani, 
and Cambridge, and some other jiarts of P.nglancl, the limestone of 
the ( oial Rag disapjiears and is replaee*! by elaj m whieh case the 
Oxford C'l.i) IS overlaid directly by the kiminendge Clay In Phince 
It IS found m the Departments of Aleuse, A'onne, Ain, and Charente- 
Infenciirc 

In the Alps the Diarm Itmedone is regarded, by most geologists, _ 
as eoeval with the Knghsh Coral Rag 
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Sonic m'htsupi.il Mammals have Idl llicir remains in tl.c Upper 
Oolite Jis mi-lic I.o\vcr 'I hey belong; to liic genus SJ’/ut/iiiot/icrium. 


I > 
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i*ii; 1.^ (»r bvlviihirfcn \ tii^n uijnciyx^ 


IWbides tJne I’lcsiosaun and 'rdeosauri, there still lived in the man 
iiiiiL iLgions a Cnx (mIiIo, the AhuiotfiMiihii't , the monstrous 
Puniitpleurtm, with sharp (iitting teeth, one ot the mos\ formulahlc 
iwilmalspof this epoch , the llyltto\aHm\, Citio\auru^i Sttnosaui u'^y'WvX 
Shfpto^pond}lni and among the Turtles, llie Et^ys and IVatatijs. 
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As in the !.o\vcr Oolite, so also in the Upper, Insects similar to 
those hy irliuh we are siiriuuiicicd, pursued their flight in the 
ineadoivs and lioiercd oier the siirfaic of the water Of these, 
howeser, too little is known for ns to give any \ery precise indication 
on the subject of their speci il organisation 

'I’he most rcniarkalile fact relating to this jieriod is tlie' ajipearance 
of the first bird Hitherto the Mammals, and of these only imper 
fee tly-organibcd sjict ics, namelj, the Marsu|nals, ha\e alone apjieared 
It IS interesting to witness birds .iiijieanng iniincdiately after Jji 
the ijuarnes of lithographic stone at Soleuhofen, the remains of a 
tootlicd, winged, anti feathered reptile-bird {^Artfueop(cry\ maemra) 
ha\e been found These curious remains arc represented in Fig 1 22, 
111 the jiosition in which they were discovered 'rhis beast is usHallyr 
designated the Uird of Solenhofcn 


I he Oolitit seas of this series lontametrTishcs belonging to the 
genera U/u antnthus, .S/zv/ZWii, and Aliinhion. The 

Cephalopodous Mollusca w'ere not numerous, the |>redominaling 

genera belonging to the I-xmellibramhs 
and to the (lasteropoils, whith livetl on 
shore 'Hie reef-niaking Madrepores 
V V t^'oiah were imoic miineroiis A few 

'J' Zoojihytes in the fossil stale testify to the 

ii„ 1.1 esistctucof till Sc i straoidinary animals 

siiJiuf i'ii)Mr«iiiiisii> fj, iharaele*ristir of the fauna of 


ii„ 1.1 

of l'h)s i fit iliiiTha 


the peruKl iin hide hnmwi/ts ihuptinl .w\«l 
./ Niifitij (legam awCi ptmupiifrim^ Ostna dtHouha and O 

I'hs^ohm /'lioladonna ttiultuostata and P aiitfictnfala, 

TenbnUultt suht/f,i,.\w\ Hemiadafis Puibcikums Some ludus, hir 
tics, Ptiliidinii, (Fig 12^), Unto, Planoibis (I'lg 201), ami the 

little t rustai eaii bivalves, the (’yjins, < onstituteil the Iresh-water fauna 
t)f the jieriod 

I he It'rreslnal flora of the iienod consisted of I'Vrns, C'yiadaiese, 
and ('onifirs 111 the ponds ami swamjis some /.ostefte, '1 he* 
Aoilthc .\x\. iiionoi otviedoiious plants of the family of the Naidaecx, 
will* h grow m the sandy mud of iikuitime regions, forming there, with 
their long, narrow, and ribbon like leaves, vast jirairies of the most 
bcautiiul green At low tides these masses of venhire appear s/inie- 
vvhat exposed, They would form a retreat for a great nt|mber of 
mantle aiiiiiiaks, and afford iioiiiishiiieiil to others 


On the ojiposite jsige an ideal landscape* of the period (Pi A'i,i!. XX*). 
rcpresciUs some of the feauires of the Upper Oolite, especially the 




XX— Ideal Laadacape of :be Upper (Mioc FenM 
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vcffctation of the Jurassic period 'I'lie Sphtnophyllum, among the 
'IVec-fertis, is prLiloinin.int in this segLtalion , some Pam/aiius, a lew 
AaMi/ei, and many Coiii/eiSt but we jicrtcivc no Palms A coral islet 
rises out of the sea, having somewhat of the form of the a/o/h of 
Oceania, indicating the importance these formations assumed in the 
JiirassJi. period. 'I’he animals represented are the CtoiotiiU'nnm of 
jourdjn, the Rhamphorhytuhns, with the imjirmts which characterise 
Its footstc]js, and some of the iiivcrtehrated animals of the period, as 
X\\c Asteria, Comatula^ J/cutteu/anx, PUtocnas Aloft in the air lloats 
the bird of Solenhofen, the At cluropteryx^ which has been re-ion- 
striicted from the skeleton, of which two almost complete and one 
fragmentary specimens have been div overed 

he rocks which represent the Upper Oolite arc usually clnidcd 
into two senes 1 'j^hc Pm heck Jia/^ , 2 'Phe Pot Hand Stone 
and Sand , and 3 1 he Kinunend^e Clay 

I’lie Kimmendge Clay, w'hic h in many respects bears a remarkable 
resemblance to the Oxford (’lay, is composed of blue or )cllowis]i 
argillaceous beds, whic h ot cur in the state of clay and shale (contain- 
ing locally beds of bituminous schist, sometimes forming a soit of 
earthy impure coal), and several hundred tcct in thickness 'Phese 
beds are well developed at Kimraeridgc, 111 Dorsetshire, whence the 
clay takes its name In some parts of Wiltshire the beds of 
bituminous matter have a shaly aptiearanc e, but there is an absenc c 
of'the impressions of |ilants which usually nccomp.iiiy the hitumcn 
'cLrived from the deccimposition ot plants ’I’licsc roi ks, with their 
(. harac teristic. fossils, Cardinm stiMtuluin and Osltca tUltoidea, are 
found throughout Isngkind in !• ranee, at Tonnerre, DepL Yonne, 
at Havre, at Honfleur, at Manvage, the Department of Meuse is 
‘‘O rich in shells of Ostrea deltoidea and O rir^nla, that, “ near (’ler 
monl in Argcinne, a few leagues from Ht Menehould,'' sajs l.ycll,^ 
“where these indurated marls crop out from bencith the (laiilt, F 
•liavc sepn them {Grypluea rvr^vc/c/) on dccomjjosing leas'e the surface 
of every ploughed field literally strewed over with this fossil 
oyster ” 

The second section of this series consists of the oolitic limestone of 
Portland, which is quarried m the Isle of Portland and in the cliffs of 
the Isle ,of Purbeck in Dorsetshire, and also at Chilmafk in the Vale 
of Wardour, in Wiltshire In France the Portland bgds are found 
near Jloulogne, at Cirey-le-Chatcau, Auxerre, and (jray (Naute Saonc) 


* “ Llements of Geology,” p 393 
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'I’Ik* IsU, oi r.illicr oi I’orll.iiul,''' oil the Dorsetshire 

roast, rises < nnsuler.ihh aliovc the sca-]cvsl, iJiescnting on the side of 
the iiort .1 hold line oi cliffs, * onncrtctl with the mainland by the 
( liosil bank, f an rstraordinarj formation, i onsistinj; of n beaih of 
shingle and pibbles loose!) ]iilcd on the blue Kimmerid|'e clay, and 
strctrhmjf icn miles westward alonj' the mast 'I'he <iiiarries are 
I hietly situated in the nortlu rly jiart of the islani! 'I'he story told of 
this rennrkablL inland is an epitome of the revolutions the surface of 
the earth has undergone 'Mie slaty I’lirbeik beds which overlij: 
the I’ortlaiul stom are of a dark )eIlowish colour , the) arc burnt in 
the nei^'liboiiihood foi lime 'I'he iu\t bed is of a whiter and more 
lively mloiir It is the stone of which the portico of St I’anl’s and 
mail) of the houses of I /indon, built in Queen Anne’s time, vj-ere c 
c onstruc ted '1 he building stone c ontains fossils eve lusiv ely mapne 
Upon this stratum rests a bed of liinestofie formed in larustnno 
w.iters l‘inallv, iiiion this bed lesls anolhiT deposit of a substance 
w’hich consists of very well-iirescrvcd vegetable earth or /iimiis, ciiiite 
analogous to our v egctable soil, of the thickness of from fifteen lo 
eighteen inches, and of a blackish colour , it contains a strong pro- 
portion of carbonaceous e.irth , it abounds in the sihcilied remains of 
Conifers and other plants, .inalogous to the ^r////rr and 6)rr7f--this 
soil IS known as the “dirt -bed ’ 'I’he trunks of great numbers of 
silieified trees and tropical plants are found here c*rect, their roots 
fived III the soil, and of species chfleniig from any of our forest trees 
“ 'I'he ruins of a forest upon the nuns of a sea," says ICscjuiros, ^ tl^e 
trunks of these trees were pelriljcd while still growing 'I'he region" 
now oc c ii]md by the narrow channel and its environs had been at 
lirst a Sea, in whose bed the Oolitic depo’-ils which now form the 
Portland stone an iimulatcd the bed of the sea gradually rose and 
emerged from the waves Ujion the land thus rt'se ued from the 
deep, plants began to grow the) now coiistiliite with their nuns the 
soil of the diit-bcd 'I’his soil, with its forest of trec^s, was afterwards 
jihingcd ag.iui into the waters — not the hitler waters of the Oeyan, bill** 
m the fresh waters of a l.ike formed at the mouth of some great river ’’ 

'I'lme passed on, however, a calcareous sediment brought from 
the Ulterior by the waters, formed a l.i)ir of mud over the ilirt-bed , 
fmilly, the whole region was covered by a succession of calcareous 
deposits, until, the clay when the Isle of Portland vv.is again , revealed, 
to light “ From the facts observed,” says l.yell, ‘*vve may infer — 

• Ftir lie! ills rL'spcicling these strata the nsulcr may c»nsiilt, vritli ailvaiiitnge, the 
useful liaiulliouk tn the geology of Weymouth ami Portland, b) Kolxirt Damon 

t Sec llristovv and Whitaker "On the Chcsil linnk,” Gcol Ma^ , vol vi , p 433 
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r That those beds of the Upper Oolite, i.illed the Portland, whuh 
are full of marine shells, were ostrspnad willi ihi\ utile mud, 
wliuh betame dry land, and (o\en.d with a forest, throiii;liniit a 
portion ol ‘‘ipai e now' o< < iipied bv the south ot I* n^l.ind, tin ( iimate 
lieing^iiu h as to admit of the growth of the Aimni and f'lurt a 
'i his land atUnglh sank down and was submerged with its lorist 
beneath a body ol fiesh wMter from whii h sediiiKiitwas thrown down 
in\elo|)ing Iluviatile shells 3 'I he ugiilai and uniform presersation 
of this thin bed of bla<k earth over a ihstame of man) miles, shows 
that the“(hange from dry land to the slate of a fresh water lake, or 
estuary, was not a(<oin|ianied by an\ violent denudation or rush of 
water, since the loose bla<k earth, togetlur with the trees whuh li) 
'proitmte on its surface, must inevitably have been swept away had 
any ■hill h v lulent < atastrophe taken plat e " * 

'J'he soil known .is ilie is nearly hon/ont.il in the Isle of 
Portkind , but we dis< over it .u^aiii not tar from then in the sea i lifts 
ol the Isle of 1 ‘iirbet k, having 
an inilination of 15“, where 
(Ik trunks continue jierfei tly 
])ir.dlel among themselves, 
affording a line esainple of a 
change* in the iio'stion of 
beds originally liori/onul 
I'lg^ 124 represents this 
^spl'i les of geologic al humus 
“Kicli dnt-beil,' says Su 
Cliadis I a ell, ‘ lu.i), no 
dotibt, be the nieiiiorial ot 
iiiaii) thousand ycaisorcen 
tunes, because' wo liiid tli,it 
tw o or three ft e t ol vege tal ilc 
soil is the cinly iiioniiment whic h iiuny .1 tropic al forest has left of its 
•i\isteni.e ivir since the* ground on which it now st.iinls was lirst 
covered with its sh.uie’ + 

'fills bed ol vegetable soil is, then, near the suiniiiil of that long 
and ( oniplu ated sines of beds which constitute the Jurassic iieriod , 
tlies4f ruins, still vegehible', remind us lorciblv of the coalbeds, for 
the) arc' nothing else than a less .ulvanced state of that kind of 
veget.'ible fossihsation whic h vv.'is jierfected on siii h an ininiense scale, 
and during an infinite length of tune in the coal jieriod 
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'I liL I’lirlii'ik Imls. wliiili aiL stiiiutinus siiliiliMiltd into Lower, 
Miildli, .mil I .in iiiostU hisliw.iUr iorin.ilioiis, inlini.itdy 

c oniHi ltd witli lilt l’iiill.ind bids Hut there thev lie(;in and 

end lieing si inek m o^nis^diU ixiejit in I lorsetsliire • in the sen- 
I htts III wtiiih thi\ Wire liisl studied '1 lie} .ire tiiiel} e^xpnsed 
111 I tindlistiiin IS.it, mar .Sw.in.if'i . and nt I iilworlh Com, on the 
siiiiero.Tst I III /I'.'i'i/ /'oAioiisisi ot .1 |>nrel} Iresh-w.atei ni.nri ei^'hlt 
flit thick, iniilaiiiiiu' sliills o| ( 1///1. /mmtuj, ind soim Sit/'u/u in 
a hid of mad ol hia< kish w.ifir orijgn, ,iiid souk C i/;/i hianu^ 
shales, str.iin{il\ lirokui up at tiu wist end of the Jsle ot I'lirlieik 
'I 111 Muhllt loiisists of twiKi Itil nl marine' sirat.T known .ns 
till “ I mdi r 111 ds,’ fnrnud ol .1 \ ist anunuil.ilion ol OW/ht ///tAufir, 
n sliiiif on Itesli wall r sli.it. 1 full ot f i/y/s JoMUtihtlii, 

li\ iiliiih tills strit.i his luin idi iitilied .is tar inland .is tin 
vale ol W.irdourni Wiltshire Aliove' the i Auler heils aie shahs and 
hiiu stone's, ]j.irtl} of liisli-walii and |«iitl} ol hr.u kish-walcr orifiin, 
in wlmli are I'lslies, man} spiiiis of! qndoliis, .ind the trofodili.in 
reiilile. (in this tests .t pmel} ni.niiu dejiosit, with 

Avuuhi^ \r Aliove, .n^ain, an lir.u kish beds with ( i/i/w, 
overlying whu h .nn ihiil} leit ot fresh-water limestone, with yvi/zu, 
Turth f, and Cyprida 

The upper (mh arc purely fresh-w.aU'» strata, phont lift} feci line k, 
tonlaunng Paludiuti, /'hy^a, /.////;/« yr, .ill very .nhiindant Tn these 
beds the Purheck marble, .it one period miuli nsid in the orna 
nienl.nl .nnhiteettiii of the old l-aiglish i .ithedi.iK, w.is ipi.niie'd* pi 
fiirmir times , 

\ fi vv winds m.iv he addul, 111 eviilanation of the tinn iW/A, 
a]i|)hid to this siilipiiiod ol the Jiiiassii foiinalion In a great 
iiumbi r ol nil ks ol this si in s the iliiiunis are ni ithi i 1 ust.illme* noi 
amoiiihoiis -tin v in as we have .ilii id} soil oohtii that is to s.'iv, 

the mass Ins the loiin ot thi loe ol leit.im fishi,s 'I In i|iiestioii 

n.itur.illv i nough aiisis, W 111 III I tin . singula 1 oolitii stun tun ,issuine‘(k 
h} till lompoiKiits ol inlim locks? It is asserted llial tin grind- 
ing u lion ol the sia ai ting upon the piti i|)il ited liiiiestoin juodines 
rouiidid loiiiis analogous to gi.nns of sinil 'I Ins h}potlusis m.i} 
be well founded in some cases 'Jhe marine sediments vvlncji are* 
de))ositid III .some of the w.nni l).i}s of I eiienfle are foiincl to take* 
the* splnroid.ij granukited form ol the oolite Itiit thebe local f.uts 
rnniiot be mfide to .iiiplv to the whole* t*\te‘ntof the* oolitic form.ttions 
^\ e* must, therefore, look further for an e*\pl ination of the* .pheiio^ ' 
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It IS Admitted tliAt if the caw ados ol '1 noli, for cxamjilo, < an }'i\c 
liirth td tlie oulilio gr.iins, tlic snmi. tiling inaj li.i|i|i(.ii in tIio (|iiiotost 
basins, and that in stal.u Lite caverns oolitic grains dcvcio]) thoin- 
s('l\os. which afterwards, beroiiiing comented togt-lhcrfroin the slowl} 
increasing afiluence of the calcareous waters, gno use to < ortain 
kinds* of oolitic rocks 

On the other hand, it is know'n that nodules, more or less l.irge, 
<l(‘volop thcinsolves in marls in rnnse({ncai( e of the c om eiUr.ilion ol 
die ciilc areoiis clcincnls, w'lthoiit the jiossibilil) of any wearing ac lion 
of water Now’, as there exists every gradation of si/c between the 
smallest oolitic grams and the Lil^cst concretions, it is reasonable to 
suppose that the oolites are ccpially the product of cnnrenlration 
I iMiially, from research to rcscoinh, it is found that ]icrfeetly 
( otstitiitcil oolites - that is to say, concentric layers, as in the 
Jurassic limestone — dtfi’eloii tlicansc’lves m vegetable earth m pl.ii es 
whore the cllcrl of water in motion is ncM more admissible than in 
the proc edmg instances 

* 'I'hus we arrive at tlic conclusion that if Nature sometimes forms 
crystals with pcrfeit lorminations in magmas m the course of solidili- 
cation, she gives rise also to spheroid i 1 forms surrounding various 
< entres, winch sometimes originate s]iontaneniibly, and in othc r c ases 
ire accumulated rcyind the debris of fossils, or even ineTc grains of 
sand Nevertheless, all mineral substnne es are not alike i ah ulated 
to produce oolitic roc ks , putlmg aside some parlu iilar i asc's, this 
properly is confined to limestone and oxide of non 

U'llli rcgaid to the dlslrilmtion of the Jiirassu Immalion on the 
terrestrial globe. It may be suited that the Colswold Hills m Kng- 
land, and in I'Vanee the Jura niounlamb, are almost entirely eoiii- 
liosed of lliese roc ks, the several scries of beds lieing all rejircsented 
111 them — this c ircumslancc, in lac t, induced Von Himibotdi to name 
the formation .lOer this latter range 'I he lipjier T i.is iilso exists in 
the Pj/cnees and in the Alps , in Sjum , in many parts of Northern 
Italy , m Russia, espci lally in the “government’’ of Moscow, and m 
the* Crimea , but it is in (jcrmany where il (hlu|»ics the most im- 
l>orlant plai c A ihiii bed of oolitic limestone presents at Solenhofcn, 
111 Jiavaria, a geological re’pobilory of great celebrity, containing 
fossil PJants, Fishes, Insects, Cruslac c.ms, with some I’terodactylos, 
admirably preserved , it yielded also some of the earliest of the 
feathered race 'J'hc /me <iuarries of litliographic stone at Pap- 
pcnhojin, so celebrated all over Europe, belong to the Jurassic 
fonnation 
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It hab rLcunlly bi-'en announced tint these rocks have been found 
in India . they contnliiile largely to the formation of the mam mass 
of the Himalayas, and of the ihain of the Andes in South America, 
finally, from recent investigations, they seem to be present in New 
Zealand, and sparsely in vvestein North AniLrica. 

In I'ligland the laas ronstilules a well-defined belt about thirty 
miles broul, estendiny Irom Dorsetshire, in the south, to Yorkshire, 
in the north, fonnsd ot alternate beils of clay, shales, and limestone 
{vv ith layers of jet), on the creist near Wljitbj It is ru h, as w’e have 
seen, in am lent life, and that in the strongest forms imaginable 
troni the uneiiual hanlness of the rocks it comprises, it stands out 
boldly in some of the minor ranges ot hills, adding greatly to the 
putiiresriiie beaut j ol the s< enery m the centre of the (ountry , In 
Scotland the formation o< < iijnes a very limited space 

A m.ip of the country at the close of thd Jurassic period would 
probably show double the c\tent ot dry land in the Itnlish Islands, 
conijiared with what it displayed as an island m the primordial ocean, 
but l)evon and ('ornw’all liad long risen from the sea, and U is pro- 
bable that the Inrassu beds of Dorsetshire and I'Vanc e were connected 
by a tongue of laml running from Cherbourg to the faassu, beds ot 
Dorsetshire, and tint lioulognc, still an island, was similarly t ou- 
nce ted with the Weald . • 



It m.iy be added that the Rocky Mountains beds, believed t^ be 
of Jurassic age, have yielded an ama/ing vaiiety of remains of fishe'>,. 
tortoises, ptero}lactyles, crocodiluins, gigantic herbivorous dcinosaurs, 
like Atiantosaums, and /inmtusautns, the L.irnivorous Creosaunis, 
Laopteryx prestius (a bird with teeth), and the ostrich-like Laosaurtisl 
in additiqn to those of various marsupial mammals 
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THE CRETACEOUS PERTOD 

Titf name Cretaceous (from ireta, <l'ialk)is ^iven to iliis cpoth in the 
history of our globe because the rocks clepositetl by the sea, towanls 
us (lose, are almost entirely romposed of clialk (carlionntcof linic) 

■ Carbonate of lime, however, docs not now apjiear for the iirst 
Hind as a ixirt of the eartli’s crust , we have already seen limestone 
oKiirring, among the tAreslnal materials, from the Siliinnn period , 
the Jurassie formation is largely t omiiosed ol carbonate of lime in 
many of its beds, which are enormous in number as well as evteiit , it 
appears, therefore, that in the period called C/rfaccous by geologists, 
carbonate of lime wxs no new substance m llie i onstitulion of the 
globe If geologists have been led to give this name to the period, it 
IS because it accords better than any other with the c harac teristics of 
the period , with thuvast acc iiniulations of chalky or earthy limestone 
in the Pans basin, and the beds of so-c ailed (heeiisand, and Chalk of 
tlie same age, so largely devclo|}ed in Knglaiid 

. ■ Wc have already cndoavoiircd to establish the origin of lime, m 
speaking of the Siluri.ui and 1)00111411 jicnods, biititniti) be useful to 
recapitulate the cxpLuiation here, even at the risk ot npe.iting our- 
selves 

We have said tliat lime itos, m all probability, introdiu ed to the 
globe by thermal waters flowing abundantly through the fissures, div 
locations, and fractures in the gmiind, wliu Ii were tlicmsehes caused 
by the grad11.1l cooling of the globe , the c entr.il mu lens being the 
‘grand resCrvoir and source of the materials which form the solid 
crust Jii the same maiiiier, therefore, iis the seicral eruptive sub- 
stances- - such as granites, porphyries, tnichytcs, basalts, .mil lava-- - 
have been ejected, so have tlicnnal waters charged with carbonate 
of lime, .and often .accoinjiaiiied by silica, foimrl their way to the 
surface ui great abundance', through the fissures, fractures, and dislo- 
cations in the cnist of the earth We need only inci;tion licrc the 
Iceland geysers, the springs of Plombieres, .ind thd well-known 
thermal spnngs of Bath and elsewhere in Great Britain 

But how comes lune 111 a state of bicarbonate, dissolved, in these 
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Ihermnl \\ tiers, lo liiini i(iiks> I li.il is wli.il we propose to 
explain 

IJiinii}' llu ])rimar) *'1 iHiioils. tliLniial w'aters, as they 

rea«lK'cl llie Mirhre, were disc linirLHl into the sea and ihlitcd them- 
sehes with the watts ot tlie tasi primordial ocean, and tlie wqlers of 
the sea l>e< .inie .ensiLIj caUartoiis they rontained, it is licheted, 
from nni io two per uni of I mu I he inniimeralJe animals, espi 
I i.illt /oophtUs, and Mollusc a with solicl shills, with winch tin 
ancient sets sw irined secicled this Iiine, cnil ol which the\ ImilL ii|) 
their niiner.l1 dwelling or shell In this lii|iiid and cheniically 
calrareoiis rrudiiiin, the ho rami in fern .mil I'olj |is of all fomis swarmed, 
foiming .in inniinur.dilc population Now what became of the bodies 
of these I ream res after death? 'I he) were ol all si/es, but tbicHj’.. 
mu rose opu , that is, so sm.ill as to be inclividu.illy all but invisiHie lo 
tlie naked e)e '1 he perisliaiilL .inimal ni.i*Lter chs, appeared m the 
bosom of the waters by dec omposition, but there still remained behind 
the indestriic tible inorganic matter, th.it is to sa}, the carbon.ite of 
lime foinnng the ir testieeous < cn ermg , these calcareous deposits 
.a< (imnilating in thick IkhIs at the bottom of the se.i, bet .ame com- 
p.artecl into a solid in.iss, and formed .a senes of c ontmuoiis beds 
supurini|)Obed on each otlier 'ihtsc, mcre.ismg imperceptibly in the 
course of .iges, ultiinauly fonned the rocks of tlic CuMnw/s jicriod, 
winch we h.i\c now under considci ilion 

'ihcse st.ilciiicnts .ire not, as the reader might c onceii c from their 
n.amre, a romantic conception iniented to jileaso the imagination ot^ 
those in sc.iich of a s}stem the; time is p.ist when geolog} should he 
reginhd .is the lom.ince of N.iUire nor has wh.il we .nli.iiue it .ill 
the I h.iru Ur of an nrliilrary cone edition One is no doiilit stnlik 
with surprise, on le.irnmg, lor the firsUime', that .all the* limestone rocks, 
all the calcareous stcuus employc*d m the constnirlion of our clwil- 
Imgs, our cities, oiii castles and c.illiLclra1s, w tie deposited m the se.is 
of .111 cai tier world, and are onlj composed ol .an aggregalion of 
shells of Mollusc.!, Ol Iragments ol the* tc’st.iri’oiis c ovenngs ol ho-- 
raminitera and other animnls — nay, that they were secreted from 
the water itself, and then assiinilate'cl by these minute creatures, and 
that this w'ould a])]iear to liavc been the great object of their creation 
in such myriads. Whoever will t.ike the trouble to observe, and 
reflect on what he obserxes, will find nil his doubts v.anish If 
chalk be examined with a mKrosco[)e, it will be found to be com- 
posed ot tli< remains of numerous animals, of minute and divers 
kinds of shells, and, above all, of horaininifcra, so smalf that their 
very minuteness seems to h.ivc rendered them indestructible A 
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hiindrul ^ and flriy uf sintill bctngs (dated end lo end, m .i 

line, will only oecupy tlie sprite of about one-tweltth part of an 
ineh 

Much of this riinous information was unknown, or at leas>t only 
biii>pceted, i^vlien Ehreiibcrg began his nncruseopieal mve’stigatioub. 
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I'rom small samples of thalk reduee*el to powder, jilaced upon llie 
olijt tt-glass, and esamined under the mirroscopi, I'.hrenberg (irepared 
tlic designs which we reprudueu from his learne'd iiiii rugra|)hicnl 
work, III. which sojne of the e-lcgant forms diseoveresl ,in tlie Chalk 
are illustrated, griatly magnified log ia(> re'jiresenls the < halk uf 
Me'udon, m i-'rantc, in whith ammonilc-like forms nl tl'or.miimler.i 
'Hiid others, e'lpially beautiful, apptar I'lg 127, from the thalk 
of C'lRxsescnd, contains similar olijttts hig 128 is an .esamjile 



half, by Iransparnn y or transmitted light , m the lower half, the mass 
IS cxhibitLcl by suiicrfinal or reflected light 

Observation, tlien, establishes the truth of the cxjilanation we have 
given i (mLenuiig the foriiiatioii of the chalky or C’retaceous rocks, 
but the question still reiiiaiiis — How did these rocks, originally 
deposited in the sea, become elevated into hills of great height, with 
bold cscarpn((nts, like those known in England as the North' and 
South Downs ^ The answer to this involves the consideration of 
other ciiiestioii'' whu Ii h.i\i. at picsent, scare ely got beyond hypothesis. 
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_ Dunng and after the deposition ol llic I’orlUiiid and I'lirbei k licds, 
tlic entfre Oohle Senes, m the south ami leiitro of England and 
otlier regions, was raised ab i\e the scti-level iinil became dry land 
Above tliesV Purbeek beds, as Sir Andrew Ramsay tells us [in the 
distriej. kncjwn as tiic Weald J, “ we have a series of beds of clays, 
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sandstones, and shelly liinestono, indicating by their fossils that they 
were deposited in an estuary where fresh water and oec asioiialiy 
brae l^ish water and iiiariiie (onditioiis prevailed 'I'he Wealden and 
I'urbetk. betls indeed leprisenl the ilelta of an itiiiiieii>e river wliuh 
in sue may have rivalled the (Janges, Mississippi, Ania/oii, \c, 
and whose waters earned down to Us iiiuiitli the rciniiins of land- 
. plants, •small Alammals, and great terrestrial Reptiles, and mingled 
them with the remains of I'lshes, Mollusc s, and other forms native to 
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Us waters I do not say tliat this immense river was formed or. 
supiilicd by the drainage of w’hal we now ( all (Ireat Mntam — 1 do 
not indeed know where this (ontineiit lay, but I do know that 
England formed a part ol it, and that in sue it must have been 
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largt r than I'uropc, and wms probably as large as Asia, or the great 
continent of America ” Speaking of the geographical extent of tin. 
Wealden, Sir .Charles I a ell says “It eannot be aedirately laul 
down, becaiisf. so much of it is comealed beneath the newer marine 
foniialions It lias been traced about 200 miles fiom west to east", 
from the* coast ol DorseUlnre to near lloulogiie, 111 hrance, and 
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nearly 200 imlcsj from mirtli-wcst to soulh-eabt, from Tiirrcy and 
llampsliiro to Jlcauvais, in l<'iantc, * but lii, t.\pr«.bbi.ii doubt, 
biipiiosing the lornutioii to have been Lontinuous, if the ti%o areas 
were eoiiteMijioraneoiis, tlie region having undergone fiequeiiti haiigeb, 
the great esliiary having altered its form, and e\en shilled its place 
Spealiing <Jf a hypothetical tontmenl, Sir Charles 1 ,)l 11 ba)s “If it 
be asked where the eonlmeiit was plated from the rums ol which the 
t\eald>*ii strata were derived, and by the drainage of winch a great 
nver was fed, we are half tempted to spetiil.ite on the former 
iMstent.e of the Atlantis of Plain I he story of tlie siibmergenee of 
111 .indent eontment, however fabulous in histuiy, imisl have been 
true again and ag.ain as a geological event ’ t 

i'lie jiroof that the Wealdeii benes were .iccuinuUited under fresh- 
waltirtonditions and .is .1 river de|>osil| lies partly m ihe nature of the 
strata, but chiefly in the nature of the oig.inic reiii.iins 'I he lish give no 
jiositive proof, but .1 number of Crotodilian reptiles give more coii- 
iliisivc evident e, together with the shells, most of them being of fresh- 
vOter origin, siith as l’aUidm.i, Pkaiiorbis, l.)mn.ea,J.'li)s.i,and such like, 
whiclt are fountl living in many ponds ami rivers ol the present day 
\ow and then we iiiul bands ol luannu remains, nntnnsed wilb fiesb 
water deposits, but interstr.itities.l wUb tliem , sIiowingth.it .attunes 
the mouth .ind delU of the nver hail sunk .1 little, .ind that it had 
heen mv.ided by tlie se.i , then by gradu.1l ili.ingi il wis lifud iiji, 
ind liei .line an esleiisive tresli w.iter.iie.i 'I Ills v pisiidc at l.isl i nines 
to. ah did by the loiiiplete siibniergdii e of the W ealdeii .ne.i , and 
ujioii these fresh-water slr.it.i .1 set ,uf ni.iiinc s.iiids and ekijb, and 
iquin these .ig.ain tliiik beds of pure wbili earthy limestone of the 
I relaeeous period were dipusileil 'Ihe lowest of these' foniiations 
is known as the l,ov.d kjreenb.ind, then lollowed the ekiys of the 
Caiilt, wliiih were simeided by the lipjier (ireeiisand Tlieii, 
resliiig upon the l'i»pd (iriensand, lomes tin vast mass of ( balk 
wliuh 111 I'liglaiiil eonsisls of soft while e.ntli) limeslmie, i ontaimng, 

the uppir ]Mit, inimiroiis Uiiids ot mldstialilieil flints, winch were 
mostly spoil gi s oiigiii.div, tliat have suite beioiiK silii ilieil anil 
lonverlcd into flint I lie siiat.i ot 1 halk whcie thu kest .ire from 
1,000 to 1,200 lect m ihickiiLss I hen upheaval into dry kind brought 
tills epoch to an end, the loiiditioiis winch had loiUnbiitecl to its 
lornution ceased 111 our area and .is tin ii|ipermost niember ol the 
!:)econcla‘ry rocks, it closes the r<iord ol Meso/oic tinier in England 

\ 

* “!• lenient', of ljCi>loi;y,” p J4'J t Il'nl . P tSo 

t *' Ihe Pliysieal (leuiiigy and liei^iaphy ul Ore it Drltain, ’ by A C 
k'liiisay, 6 tti esl , p 20S 
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Let us add, to remove any remaining doubts, tlut in the jiasin of* 
a motlern European sea — the litltK -a t unoiis .issemblage of pheno- 
mena, bearing on the (piestion, is now m oper.ition 'I’he bed and 
coast-lme of the IjaUir conliiuie slowly but unceasingly to rise, and 
have ilone so for several teiituncs, in consequent e ol Ilje constant 
deposit vv huh takes place of taharooiis shells, added to the natural 
accumulations of sand and mud The Ikiltic Sea will rert.unly be 
filled U]) 111 lime by these deposits, and this modern phenomenon, 
vvhicli vv e tmd m progiess, so to s|)cak, brings direi tly under our obser- 
vation an esplanation of the inaniicr in vvhuh llie tretateous rocks 
were prodiued m tlic am iciit world, more espe* lally when taken 
111 I omiu tuin with another branch of the same siibjc'ct to uliich 
.Sir C'harles I, yell called attention, in an .iddrcss to the (Geological 
Socictv It appears tiiat just os the northern part of the Scalidi- 
iiavian continent is now rising, and while thii middle jiarl south of 
Stockholm remains unmoved, the southern extremity in Scania is 
sinking, oral least has sunk, within the historic period , from which 
he argues that there may have been a slow uiihtaval in one region, 
while the .uijoimng one was stalioiury, or in course of submergence 
After these explanations as to the mannei in which the cretaceous 
rucks were formed, let us evunine into the shite of animal and vege- 
table life (luring tins important iicnod in the earth’s history 

The vegetable kingdom of this [icriod forms an inlrocliitlion to the 
vegetation of the jiresent lime Wac cd at tlie c lose of the .Serondtiry 
cjiucli, this vegetation jirepares us for transition, as it were, to live 
vegetation of the 'I'ertiary epoc lij which, as we sliall see, has a great 
aflinity with that of our own tunes 

The landsi.qies of the ancient world li.ivc hithcrlc) shown ns some 
sjiecics ol jil.ints of forms stuinge and little known, wliiih arc now 
estincl Ihil during the period whose history wc are tracing, llu 
vegetable kingdom begins to fashion ilscll in a less inyslcTioiis 
manner , Talms ajipear, and .among the regular sjiec ics vve rec ogmsc 
some which diflTer little from those of the tropics of our cfayi, 'I he*' 
dicotyLclons increase slightly in number amid I'criis and C'yeads, 
which liave lost much of their importance in numbers and sue , we 
observe .in obvious increase in the dicotyledons ot oui own tem- 
lieratc climate, such as the alder, the wych-elm, the maple, and- the 
walnut, Ac - • • 

“ \s wi retire, from the times of the ]jrimilive' creation,” says 
l/ircup “.inci slowly aiipro.ich those of our own epoch, the •sedi- 
ments seem to withdraw themselves from the jiokir regions and 
resinct themselves to the temperate or equatorial zones Ihe great 
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“?)cds of. sand and limestone, which constitute the t'rcLn.eoiis torma- 
non, aiinoiintc .i sUte of things very iliHerent from tli.it of tlie pre- 
(cding ages 'I'he seasons .are no longer marked hy mdi(..ations of 
( enlr.il he.it , /ones of l.ilitude .ilre.idy show signs of then esisteiii t 
“ HitliMTto two el.isses ot vcgeLitioii predoniiiiated the Lelhilar 
('iy/>h}gtiiHs .it first, the dii otylcdonous after warils , and 

111 the epoih wliuh we h.ivc rcaihed — tlic transition epoch of vege- 
tation — the two cliisscs ivliirh have reigned heretofore Iiccuiul 
I' nfcebkd, .mil a third, the slii otyledonous Aji};ios/>li m\, timidly laki 
possession of the e.irlli — they consist .at hrst of a small niimbir of 
s[iec Its, .iricl oc c iipy only a small p.irt of the soil, of nine h they .iftc.r- 
^ u.m-cK t.ike then full sli.ire, and m the succeeding periods, .is in oiii 
owH limes, we sh.ill see that their reign is firmly esLiblislied , during 
the Crehiceous period, in short, we witness the .ap]n..iranc.e of the first 
dicolyleilonous /4/iji,7co/ivvy/r Some arburescLiU I'eins still m.iint.im 
their position, ami the elegant Ptofopfem briissl , and P 

Uuvi)^ten^ Jlrongn , still unfold their light fronds to the uinds of this 
period Some Pecpfiteres, differing from the \\'e.ilili.n species, live 
.dong with them .Some Aumtes^ Cyciuls, ami /amwUtobi annoi'iue 
that III the (Vetueous period the Umper.itnrL was still liigli New 
Palms show themselves, and, among others, /'/ct/cc/Zct/w c//</wcc.7c^i/i»/*r 
IS espc'cially reniark.ablc for the imijcstic crown .it its siiinmit 

“lln, Cn/n/os Imc endurecl better Ilian Iht Cynuluc they 
lormcd then, as now, great fousts, wluie Damanh\, CuH/iini^/miiiitt\, 
•ftat'itUM'i, IhuliUSj .mil J'miUs reiiutid us of iiiiinerons 

forms still LMstmg, but dispersed all ov'er the eartli 

1' roll! this epoi h dale the Comptontti^, .iltnbiited to llu hlyri 
i.icew, Almle% Pru\u, Nils, which we i onsider .is one of the IJelu- 
1.110.01, (\i/pt/n/i i , \\hnh is one oi the Ciijiiilili r.e , 

the whic li .ire lepresentid to us by the .irbuusc enl uilloiis , 

the Acenii.e would h.ive their Ann/n tnitutic. Nils, and the 
1 iigl.andit.e, the JtigUviJites Ciej) Ihit the most mtereslmg 

• hobanical ' event of this penoel is the .appearim e of the Cudmua, 
wiili Us Iriple-veined le.ives, ol which no less tli.in uglil spec les h.iii 
lieiii found and described, but whose jikiic in the systems ol c l.issili 
cation still remains iimerlam 'J he CicJnuiai, like the Sttluiln, 
wer« cerUiiily trees, as were most of the species of this remote 
epoch ”• . j 

In the following illustration are rejiresented two>ot the Palms 
belonging to the ('rctaieoiis period, restored from the* imi>niits and 
- Ir.igine'nts of the fossil leiii.iiiis left l)j the trunk and br.im lies in the 
rixiks of the period (log 130) 
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„ Hut if the vegetation of the Cretai cons ptriod exhibits sensible 
Signs of approximation to that of our present era, we cannot say the 
same of the animal creation 'I’he time has not yet lome when 
M.immals analogous to those of our epoth gaie animation to the 
lorests,. jilains, and shores of the ancient world , eien the Marsii])ial 
Mammals, which made their appearaiue m the Jaassic and Oolitic 
fonnations, no longer exist, so tar as is known, and no others of the 
class have taken their plai e No 1 limbing 0 |>ossmn, with Us >o\mg 
ones, apiiears among the leases of the Zamites 'I'he earth ai>pears 
<0 be still tenanted by Reptiles, which alone bre.ik tlie solitudes 
of the woods and the silence of the valleys 'I’he Reptiles, which 
scemUo have swarmed in the se.is of the Jurassic period, jinitook 
tlje crocodilian organisation, and those of this period seem to liear 
more resemblance to the Lizanls of our d.iy In this penod the 
leinams of certain forms ntdiaite that they stood on higher legs, they no 
longer creep on the earth, and this is n]>p.irently the only apjiroxi 
niation which seems to connect them more closely w'ltli higher forms 
”*lt is not without surprise that we advert to the iniiuense develop- 
ment, the cxlraordmary dimensions which the Sannan family attained 
at this e])Och 'J'hesc animals which, m our days, rarely exceed a 
yard or so in length, attained m the Cretaceous jicTiod as much as 
tw'cnty • 'I'lie marine li/ard, which we notic e under the name of 
Mosaiaurus, was then the scourge of the seas, i)la}mg the jiart of 
the Ichthyosauri of the Jurassic \)eriod , for, from the age of the 
Li^TTs'to that of the Chalk, the li lithyosaun, the riesiosaiin, and 
I lie 'I'eleosauri were, judging from their organisation, the tj rants of 
the waters They appear to have become extinct at llic close of 
the* Cretaceous period, and to give place to the Mosa\aunif, to vvlinm 
fell the formidable task ot kcejiing w Uinn projier Imiits tlieexubciant 
Iirudiiction of the various tribes ol I'lslics and Ciiistaceans vvlncli 
inhabited the seas This creature was first discovered m the cele- 
brated rocks of St I’eter's Muiml at Macstru lit, on ihe banks of the 
Alcuse .'I'he skull alone w>is alxnit four feet 111 length, while the 
cmtirc skeleton of I^uanodon Mantelli inc.isurcd between fifty and 
sixty feet m length In the Western United States, in coiiijiany with 
two types of toothed birds, akin to Ihoiigh not so ie[)tilian ns the 
Atclt^picryx^ arc found the remains of niiniLnius reptiles of gigantic 
diinensiops. 'I'lic Mcsosaiin, fur exam|ile, had snakc^hke bodies 
eighty feet long, and teeth m the roofs of their mouths, that they 
could Jiold their prey with greater case 
^ ■ Scemg the great extent of the seas of the Oetareous period, 
Fishes were necessarily numerous 'I'he pike, salmon, art! dory 
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tribes, analn^oiis to tho^L uf our days, lived m the sens of this 
period, they fkd before tlie> shaiks and vorauoiis dog fishel^, whuli 
non ap])e'ared in great nunibers, after just showing ihuinselves in the 
Oolitir ])eru)d 

'I lie sea was sliM full of Polyps. Sca-iirrhms, Crustaceans of 
various kinds, and man\ genera of NlolUisia different Iroin those of 
the JurassK pi rind , alongside of gigantic I.i/ards are whole piles uf 
rhi/o|inda those l'or.aiinnitera whose icinaius are siatlercd in 
infinite protusioii in the Chalk, over an enormous area and of iinmensie 
thir kiie-ts. 'I'lie < ali areoiis remains of tficse little lu'ings, inralciilable 
in number, luve indeed invereil, m all probabililj, a great pait of 
the* terrestrial surface. It will give a sunicienl idea of the inipor- 
tanre of the Cretai eous period m connection with these organisnis‘> 
to state that, in the rocks of the period, 556 genera of nniihals, 
hitherto unknown, and more than 2,250 rpecies of special fossif 
beings luve been found , the thickness of Inc rocks formed during 
the period being enormous \\ here is the geologist who will venture 
to estimate the time occupied in creating and destroying the atii- 
matod masse's of which this formation is at once both the cemetery 
and the inumimeiit ? for die purposes of desiaiption it will 
be convenient to divide the Cretacc'ous senes into lower and upper, 
.according to tlieir relative ages and their peculiaif fossils 

Till T.(>wiic Crutac Kills P) K on. 

Kn.;1isU I iiui\ ill iil'i FiciilH iliN'.ifiLilion . 

[ O.MT (111 Cll'illlll, U|>|ll.l jllrl , I I lei* A|iliill si 

liinir ( ill I iis,iiiil, liitui |iir( „ tVcxiiiinili ri sil|iLiii.ur. 

WliIiI lIv) Hill II islin^s s.iiiiN ,, NLnciMiiicn iiili.iii.iir 

'Phe I aiw er AVealclen or ] bastings Sand c oii>,ists of sand, sandstone, 
and (.ikifcriiii> grit, il.iv, anil sli.ik, the argillac cons slr.ita pre 
clominatmg 'I liis jj-iit of ihc We.ihkii ( onsisls, 111 dcsccniling 
ordci, of — . 

, teet n 

I iiiilinil^i. Wills siiul S iinlstono awl loam 150 

\\ ulliuist blij -ISliiL Hill IiioMii shall ami lIi}', willi a lillli. call, giil teyo 
Ashiliiuii s.aii(ls llani s.uul, with Imls ul lali }rrii . I(ia 

Asliljiiriili till sands -MdIIIiiI, iili.le, anil ml <.lay anil sanilstnnc 3JO 

'I'hc Hastings sand has .i hard bed of while sand 111 its upper jvart, whose 
steep naliir.i^ c lifts prodiii c the pu turesipie si cnery of the “ High 
r(X.ks " of I kistings in .Sussex 

(’alc-ireoiis s.inclstone and grit, in which Dr Mantell found the 
remains of the fguaiwJoK and IlyhwMurus, form an upps.i member 
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^{)f the ' 1 11 n bridge Wells S.ind 'Hie fuinulioii Lsleiids o\L*r Hanover 
"and Westphalia, the Weahlcn of these 1 oiintrivs, ai c ording to Dr 
liuiiker and V'oii kfeyer, t orres[MHidmg in their fossils ami mini ril 
( liami ters <\\ ilh those «1 the Knghsh series So tli.it ‘ \\i lan 
SI an oK hesitite,’ sa\s I veil, “to refer the wholi to one gicat 
dilt.i''^' ' 

'I'lie overljing Wc.il«l rl.n> < rops out from bene-ath the* l.ovier 
tireens.'iml ip various parls oi Kent .ind Sussex, and agiin in the 
Isle of Wight, and in the Isle of Piirlieik, vvheie it reappears at the 
I) ise of.the chalk.. " 

The upper di\ ision (or the Weald tlaj) is. as we h.ive s.iid, of 
purely fresh-water origin, ami is siipjinsed to have been the eslu.irv 
of some vast nver which, like the Africm Niger, may have formed .1 
delta some hundreds of miles braid, as suggested by Dr Danker 
iiid Von Meyer • 

'I’he I..owcr Greensand is known, also, as the Netnomun, after 
Ncocorniiin, the f-.itin name of the eity of Nciifch.itcl, m Switzerland, 
wliero this formation is kirgely developed, and where, also, it was first 
reiognised and est.iblislied as a distinct formation Di I'ltton, m 
Ins excellent monognaph of the lavner ( 'ret.u eons foi in itions, gives 
the following descending sue cession of rocks as obseivablo in many 
parts «f Kent 

1 kt I 

I Sami, vvliiti, >lIIovvis1i, tn Imiwii, willi eoneiilions nf 

, liim.st<iiu mil ihirl 7«) 

.* 2 Sanil, witli ^uen nialkr 70 In icx) 

5 C ‘vle.'ircdii-. sloiK, (.iillcd KiiiIinIi ri;; . ixi lo So 

• These divisions, which ire tuneable more or less honi the 
southern part of tlie Isle cjfWiglitlo 11 j the in Kent, piesent lon- 
sider.ible van.itions At Atlnrlield, where sixty-three dislincl sii.it.i, 
nuMsiinng S J 3 leet, have been imtue'd, the liiiieslcjiie* ix wliolly 
vv.inting, and some fosxils range* ihiough the whole soius, while 
olhers*irc ccmiiiucl to pirlic tikir div tsioiis , but 1 ‘rot I', J'orlic s st ilc s, 
(h.it when the same conditions .iie* ri']>e*ati’d in uverl)iiig sir.ita llu* 
same sjie'cies re.V])]iiMr , but lluat changes of diplh, or of llu mineril 
nature cjf the sea-be>ttom, the presence or absence* of lime 01 of 
peroxide of iron, tlie cjicurrence of .1 imiclcl)’, s.in(ly, 01 gravelly 
.bottom, are marked by tlie .ilisenc e of c ertain spec ies,fand tlie* pre- 
dominanc e of others t 

Among the' iiuriiie* f.iiina of the* Ne'ocomian senes the following 


* Lyell’s “ I'.lcinents iif llfology,” p 349 


t Iliul , p 340 
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are the principal Among the Au//mAt, one of the largest and most 
nbundnnt shells of the lower Ntocomian. as chsplaied in the y\llier- 
field section, is the large /'ii/m A/iiI/th (I'lg 131) 



1 IK 1 ) 1 — ]*erii I MuHtii Otw qinricr inliinl 
tif exterior A, |).irt fif the iip)M.r hiriKL 
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'riic ifi^ base .1 singular hoal-shapcd form, wound with 

contiguous whorls in one part, which is cletai lied .it the List ehaniber, 
and I'tojec ts in .1 more* or less elongated eondition 

I/amtki, Cl locerus, and Amy/iHcras have eliih-like terminations at 
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•''nil extremities, they may almost be considered as non-iin ohited 
.iininonites witli the spiral eiolutiuns disi oniieited or p.irti.il]y 
imiolled, as in llie engm\mif (I'ms 12s and 1 



Fiff 13') — SIilII of I iirritJ] i ti.r<.lHn 

(I IMIlfS feu III ( 


hi)? I 4 iiirihtLi cost itiis 
(LN illw) 




^fntha onhmus seems to liave bail spines projecting f.o'ii the ridge 
of each of the convolutions 

A '1 he Toxocetm had the shell also curved, and not spiral 

The liaaililes had the shell chflenng from all Ceplialopoils, inas- 

10 
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muLh as it was elongated, romcal, |)erfectl> straight, sometimes \eii^ ' 
slender, and tapenng to a point 

'Hie Tmuftta haie the shell regular, spiral, and sinishai , that 
IS. turning to the left in an oblupie spiral of contiguous whorls 'lln. 
eiigriMUg w'lll toii\ej the idea of their form (Fig 1-54) 

Among others, as esaiiijilcsofftimi, we append I'igs 135, 1 ' 

'I'his anahsis of tlic iiiarine fauna belonging to the Neoc 01111 m 
formation might be larricd mu<h further, did spate permit, or did ii 
promise to be useful , but, without illustration, an) further niereli 
\erb.il description would be almost valueless 

Numerous Reptiles, a few Birds, among which are some 
“Waders,” or “swimmers,” of the genus Enaliorm^. newr Mobiiscs 111 



consideiable «iu.inlitics, and some cstrcniely laricd Zooplijtcs, lon- 
stiUile the ruh fauna of the Taiw'cr Chalk A glame at the more 
important of these animals, whuh we only know in a few' mutilated 
fragments, is all our spa* e allow’s , they are true medals of the Instorv 
of our globe, meilals, it is true, half effaced by time, but whuli 
conse* i.ite the memory of deiwrtcd ages 

In the >iar iiS^a Dr JMantell adde**! to the wonderful discoveius 
he liad nvide in llie M'ealtI of busses, that of tile great J.,i/ard-ol 
the wootls, the /fy/tnt^nurus ivootf,fravpat. /nan/) 'J'-his dise’ovir) 
was maile m 'I'llgate forest, near (hickficld, and the animal appears to' 
have been from twenty to thirty feet m length The osteologu d 
eharaiters jiresented by the remains of the Ilylmosaiiriis are d*- 
siribed by Dr Manlell as allording another esainiile of the blending 
of the Cru odilian with the Hiiertian type of slrii* ttire , for we haie, 
in tlie peO*oral arch, the scapula or omoplate of .a crocodile asso- 
ciated with the i ora* Old of a h/.ird Another remarkable ftatiire 
in these fossils is the presence of the large angular bones or spincs^.v I 
which, there is reason to infer, constituted a serrated crest along the ’’ll 
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nijclille of the back, and the numerous small oval dermal bones 
tthirh api>ear to have been arranged m longiUidmal senes along 
each side of the dorsal fnngc 

'I he Mi'i^afoniiirus, tlie earliest ap])earance of winch is among the 
nuiri ancient beds of the laassu and Oolitu series, is ag.iin found at 
iln. 1 > isi of the Cretaceous ro< ks It was, as wc have seen, an enormous 
li/inl borne upon slightl) 1 used Let, its length exceeded fortj feet, 
ind m bulk it was equal to an elephant seven feet high 



The Megalosaimis found in the ferruginous sands of Ciukfielil, 
in Sussex, 111 the ujijicr b< ds of the Hastings S,inds, must have been 
at least sixty or seventy feet long Cuvici tonsiderevl that it ]Kirtook 
liotli of the structure of the Igii.-iiia and the Monitors, the latter of wliic h 
l•elllng to the l.ucrlian Kejitiles whiih haunt the baiil s of the Nile 
tropical* I ndia 'I'he Megalusaiiriis was perhaps an am|>hibiuus 

^iiirian The complw atcil structure and inarvLlloiis .iirangLment of 
the Uelh ])ro\e dial it was essentiillv i arms oroiis It fed piobably 
"11 other Re])liles eif miKlerile si/e siuh as the C’locodiles and 
rurtle^ which are found in a fossil state in the same beds 'i’he j.iw 
ri presented in Fig 137 is the most important fnigment of the animal 
we possess It is the lower jaw, .iiid supports many teetil it shows 
that the heail terminated m a straight iiiii//le, thin and flat on the 
),'.sieles, like that of the Gai'hil, the Crot ixlile of Iniha 'f’lie teeth of 
the Megalosauius were in perfect a< < ord with the destructive fum tfons 
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With which this formidable (Feature was endowed They jwtake it 
oni'c of the nature of.i knife, s^ibre, and s.iw Vcrtiial at thOirjiinctiM 
with the jaw', they as'iiiine, with the incrLased age of the animal, a 
backward curve, giving them the lorm of a gardener’s pruning-knifc 
(I'lg i3S,alsoi Fig 170) Alter mentioning some other partic iilars 
respecting the teeth, Huckland says “With teeth constructed so as 
to (.ut with the whole of their concave edge, each movement of the 



Fig 119 — Ni ».il Floni of Igiianodon Fig 14a — Ammonites rostralw. 

1 wo third:! nilLural sia. (Upper Gnscnsiiiid ) 


jaws prodilc ed llie (ombincd effect of a knife and a s,iw, at the sanu' 
time that the point jiiade a first incision like that macle by a poiii^i 
of a double rutting sword 'I he Ixu kwsird i in valine Uken by llii 
tcith at their full growth renders the csc.ipe of the jircy when onic 
SOI/I d impossible We lind here, then, the same arrangements which 
enable nuikikiiid to put in oiieration many of the instnimeiits whu h 
the) empIttV ” 

'rhe /ifthtnotionf signifvmg Ii^iana-toothni (from tlic Greek wonl 
oSoifi, lootli), was more gigantic still tlian the Meg ilosaiirus , one of the. 
mo«t colossal, indeed, ot all the baunaiis of the ancient world whicit) 



T/tP LOWrlR CRP t itrOUS Pl'RtOD. 293 

toscMnh has yet exposed to the light of d.iy Professor Owen and 
|)i Mantell were not agrceil .is to the fotni of the tail , the former 
M. ntIciTun asvgning it a. short tail, which would atteit Dr Mantcll's 
I -.timate of Us prol^ble length of fifty or sixty feet . the largest thigh- 
bone yet fouml tnc,u>ures four feet eight iiilIius in length 'I lie tonn 
111(1 (lisposition of the feet, added to the existeme of a bony horn 
(1 ig i39)>oii the upper part of the mu//Ae or snout, almost identify 
ii ns a Species with the existing Iguanas, the only Reptile which is 
bnoivn to be provided with shch a horn upon the nose , there is, 



~ fi* ill i»f I^H in «Uhi 

miii^ tuolh, fiirllicr nU ukliI, and uurr 

(Ww iMun > 


III- ufoic, no doubt .IS to the rcscnibhuu e bcluicii these *i\o .iiinn.ds, 
tml while tin* Kirgesl of living Ign.in.is si.mcly lmlhIs .1 j.ird in 
^iigth. Us fossil (oiigeiier vi.is prolxibly lifteeii ui sixteen tiines ll1.1l 
l> iigtli lake most ol its order -the Demosaurs — it seemed to have 
leilke'd mainly on Us lung hind legs, Us strut ture .ind h.ibits showing 
iu.my affinities with lliose of birds. One species, and jicrhiips m.my 
Olliers, 'had spurs for defensive purposes on Us short fore limbs. 
I lie' Iguanbdon carried, as we have s.iid, a liorn on Uis mu/zle , 
<lie hone of its thigh (23 inches round) siiqiasscd that of the* Klephant 
ui si/e, the form of the bone and feet demonstrates that it was 
'Oiled for terrestrial locomotion , and its dental s}stciii shows tlhat 
-Was herbiv'orous. 


294 BiFom TUP Drive,," 

The teeth (I'ljr 141), which .lie the must importint .icid clurar- 
tcristic organs uf the whole .iniinal, .ire imbedded Literally in 
tn'ooies, or sockets, m the dciiMry boiic , there are .three or four 

bucket^' of sill i esbiunal teeth on the inner side of the base, of the old 

teeth The pLue tlius oitiipicd by the ed|>e5 of f'c teeth, tlieir 
trciKh.int and saw-like form, their mode of ciir\ntiire, the points 
where tliey bceoiiie broader or n.irrow'er which turn tliem into .1 

species of nijipers or siissors — are all suitable for cutting and 
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tearing (lie toiigli Mgctalilc subsUiniis wliith an. also fuiind 
among the remains buried witli this lo1oss.i1 rc]itilc, a restoration'-^ 
which is represented in I’ciii- XXI , p ayG 

'llie t iet.11 toils se.is tunUiitied gie.it numbers of I'lshes, .iiiiOM-: 
whieli some were rem.irkable for their strange foniis The /Sc/J ' 
Z£7ia,'j/i7/r^ (1), and the OsnunuJu Mtinle/li '{2) (Fig' 142),* art. 
restoiatious of these two s|ii<ies as they are sujjposed to h.ue beei' 
in life Hie OihwUispis is a lUw genus of I'lshe's W'lmlrm.i> 1 ";, 
mentioned Ammomtei n)stuitii\ (I'lg 140), and owa* 

(Fig 147}, are common bhellb in the l^ppe-r ('irceiiband 
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'I'h^S^cas of the Ix)wer Cretaceous period were remarkable la 
•t zoological point of view for the great number of species and the 
• multiplicity of generic forms of shelled cuttle-fishcb The Am- 
monites psrnne quite gigantic dimensions , and we find among 
them new species distinguished by their furrowed traiisserse spates, 
.IS in the IlSmttes (I'lg 132). Some of the Ancyloioas attuned the 
nitignitude of si\ feel, and other genera, as the Staphihs, the 
loKoctras, the Cnoceras (hig 125), and other Mollusta unknown till 
this IKiriod, appeared now Many Et hmodt rms, or se.i-urehins and 
'/uophytes, have enriehcd these rocks with their animal remains, and 
would give Us seas a condition (iiiite jicciiliar 

On the opposite page an ideal landstape of the yieriod is repre- 
sented (I'l VII XXI), in which the Igiianodon and Arcgalosnunis 
struggle for the mastery in the centre of a forest, which enables us 
also to convey some ideaiof the vegetation of the period Here we 
note a vegetation at once evotir and temperate- i flora like that of 
the tropics, and also resembling our own On the hit we observe 
, <1 group ol trees, which resemble the dieotj ledonous plants of our 
lorests The elegant Crtdmna is there, whose botanic .il place? is 
still doubtful, for its fruit has not been found, allhoiigh it is believed 
•ohive belonged to iilantswith two seed-leaves, or dicotyledonous, 
and tlie‘*arbore's< eiil .Auienlacesc An entire group of trees, com 
« posed of Ferns and /aniiLes, ts m the background , m the extreme 
*< distance are some I'alins Wc also recognise in the picture the 
alder, 'the wych-cliii, the ni.iple, and the walnut tree, or .it least 
sjieeies analogous to these 


The Ne'oeomian beds 111 France are found m Champagne, in the 
Deiurtnicnts of Aube, Yonne, Haute- \lpes, \c 'Ihci ^ire largely 
develoiicd in bwilzerkind .it Neufe li.ilel, and m t.ler’ii.iny 

£ The l.oWer Ne'oeomian consists of marls .ind greyish tlay, 
alternating with tbpi beds of grey liinestone Ills very thick, anil 
ijicurs at.Neufch.itel and 111 Drome The fossils arc SpatangUA tittt- 
Crioceras (big. 125), Ammonites Astertamts, Xc 
2 Ottoman (the limestone of Orgon) 'I’his group exists, also, 
>U Aix-Ies-Bains in Savoy, at Crenoble, and generall) 111 the thick, 
while, calcare*ous beds which form the precipices of Drome, 'i'he 
tossils C/iama ammonia, Keqntcma, Toxaihr, iet * 

" 3 The Aptien (or Clrcens.ind) consists gencrall> oV marls and 
•lay In France it is found in the Department of \aucluse, at Apt 
• (whence the name Aptien), in the Department of YonnO, and in the 
I laiite-Marnc. Its fossils arc A neyfocetas Malhtronianus, Osh ea aqnila, 
10 * 
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ami J'iiiiUula /'Imuma Tlichc Iieds consist hcic ol grey sh clay, 
nhieli IS iibtid ior making tiles , tiurcuf bluish argillaceoub limestone, 
111 blaik or bronnish (lags In the Isle of A\iglit it bciomes n fine 
sandstone, grejish .aiul slightly argilkucovis, while at Ifasne, and in 
some jiarts of the country of Bray, it hetomes a well-dcveloj^pd lerrii 
ginous sandstone 

Wi. line noteil that the Lower Ncoeoinian formatinn, although a 
minne di posit is m sonii re-.pecls the eqiinalent of the Weahi Liny, 
a Iresh water iorniation ol considerable iinport.imc on arroiint of -its 
fossils \\e hue >1.1.11 that it was oitTier funned at the mouth of a 
great nier. or tlie iiicr was suHii luitlv powerful for the fresh-water 
current to be < arned out to sea. (arr)ing with it some animals, 
ronnuig a ihuialik, or lacustrine lamia, on a small stale These 
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iwn. small Cnistateans of thegemts Q/m, with some molliiseous 
t lasttropodi ol the genera Alilanni, f'li/uifiiiti, and ai i plialoiis 
Mollusc a of ilu. Iiii- gi.ncr.1 t_i7«//er, LTiito, C\'thi\ and Oiftni 

Ol tliLsc-, Cj/'.i/r ///,</</ (1 ig 143) ami Cy/tits J a/i/tV/Ui ( 1 ‘ig 144) 
maj be considerLd as .imong the most 1 liarai tenstii fossils of this 
local faun i 

'Ihe ( ittacLous sines is not inlLrcsliiig lor Us fossils done it 
presents also an inleje>-img subjec I for sUub m a iniiu rilogi' al pomi 
1)1 new I lie wJiiU t lialk, e\ainiiKtl iiiuKi llu line rosi ope liy 
J'lHDilierg. shoiis I ciirioiis globilorni slriu line ’J'lie gicui i».irl of 
Its sandsioiiL and linu stone constitutes ler} siiii>uLm c ompountis 
\tcr»rdmg to the result of IJerthiers an.ihsis, we must c ousicicrjheiii 
as silic ale-s (ff iron I'lie iron shows itself here not in l)c;cls, as vh 
the Jut.i-'sit, rorl s, but in masses, in a sijeties of pew^ket m the 
Oigonian bells 'Ihej are usually hydrates in the state of hematites, 
accompnnicet by c|uantities of o<.hre so abundant that tliey are 
frequently unwoikable In the south of 1 ' ranee these veins were 
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iiiinctr'io .1 great depth by the .imient niuiiks, wlio were the meUl- 
liirgists f)f their age Ihit for the artist the important (^rgoni.in beds 
possess a special interest , their admirable vertical fractures, their 
vrert ]icipe uiieular jicaks, eath surpassing the other in boldness, 
form Ius(iincst studies In the Var, the defiles of \ esubia, of the 
I'.steron, afftl ’I'lne'a, are jammed up between walls of pe’aks, for 
many hundreds of yards, between whuh there is scaretl> room for 
,1 narrow road by the side of the roaring torrent “ In the Ifronie, ’ 
says Fournet, “ the entrance to the beautiful vallej of the \ errors is 
ilosed during a jiart of the' year, because, in onler to enter, it is 
necessary to cross the two gullies, tlic Giiat and Little (Joiilit, 
through which the waters escape from the valley Isvcn dining the 
dry "jeason, he who would enter the gorge must take .1 loot-bath 

‘•'I’liis state of things could not last and in iK j8 it was cutious 
to see miners suspended lOn the sides of one o( these lateral prec ipii es, 
some 450 feet aboie the torrent, and about an cfin.al distance below 
llie summit of the Chalk 'Jhere they began to excavate i.iMlies or 
nnhes in the face of the rock, all [ilaccd on the same level, ,ind 
successively enlarged '1 hese were united together in such a manner 
IS to kirm a road prai luable for carnages, now through a gallery, 
now covered by a corbelling, to look over whuh atlords a siictcssion 
of surpr>es to the tra,vcller 

“ This IS not all,’ adds M hcuiniet “ho who tr.ncrses the Iiigh 
jikiteaux of the country linds at every step deej) diggings in the soil, 
desigilatecl pita or s<nilits, the oldest of which have* their sides 
rlo'thod with a curious ve’getUion, in which the Amvlw predominates, 
shelter is found in these pits fiom the cutting w mils whu h rage so 
furiously 111 these clovaled regions Others form a kind ot cavern, in 
which a temperature obtains suffic'icnt to fiee/e water even in the 
middle of summer 'I'liese cavities form natural,s/crc*/j, which we 
again find u\k)Ii some of the table-lands ot tlie Jura 

“'riic cnieks .\nil crevasses of the limestone* receive the waicis 
y^rodiKcc^ by falling ram and inelled snow , tine to the laws c'f all 
Ihiul bodies, they filter through the* rocks until tlicv reach the lower 
.ind impehious m.irly beds, where they lorni sheds ol w.ilci. v.hich 
ui course ot time liiul some outlet through which iluv ill'll lurge 
themselves In this manner subtcTrnnean g.alkiics, sometimes of 
great * extent, are tonned, in vvhwti arc a''Sc iiihlecl all* the marvels 
w filch crumbling stalactites, stalagmites, idaiid lakes, and headlong 
torrents can produce , finally, these waters, forcing their wav through 
the external orifices, give rise to those line cascades which, with the 
first gushing torrent, form an ac lual riv er " 
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'I'hc Albieit ot Vk I )’( )rl)igny, whuli Lycll ( onsiclcrs tfi De the 
cqiiu.ik'iit of tliL Giih//, I' rciKli .luthors trc.it .is the {ot 

nation, the n.imc being dninn troiii .i lotk Loinposed of ihalk with 
grccnisli gr.!!!!"* of s^/aiuoiiift, ui silK.ite ot iron, which n, ol!.Ln niixuil 
with the limestone ol tins loriii.itiuii The fossils by whiih ij[ is identi- 
fied .irc \ery i.incd Amoni' its miinerous l\ jies, we liiid'Criistai e.ins 
belonging to the gener.i hcijuut and CutyAis . main new MoIlusc.i, 
Jiliiunitm, Voluta, C/mhm, , grc.it numbers of 

inuIliibLOUs ilrai hiojiuds, tunning highh -developed siibin.iriiie stniUi , 
some K« hinoderms, unknown up to this i>eriod, and especiallj a great’ 
number ol /ooiilutes some I'oraminifcr.i, and m.iny Poly/oa 
(ljrio/o.i) 'I’he glauconitu tornation lOUsists of tw'o groups of 
strata the Giiiz/i (Jlaj ainl \.\\\: •'/itihontfu ihalk, or Uiijicr (Ireensand 
and ChloritK M-srl 


ri’iM li C'ui 1 u I m s Vi uiim 

During this phase ol the tirrcsfial evolutions tin i out m cuts, to 
judge Irom the tossilised wooil wlmh wc miit with m the rocks 
which now represent it, would bciovered with a \erv ruh vegetation, 
ne.arlv identical, indeed, with that which we have desrribed m the 
pieceding sub-pel lod . accoiding to \dolphe lirongnart, the “age 
of angiospcmis’ had lairl) set in, the Cretai eons lloia displ.ns, he 
considers, a lr.insition.il cluracter from the heeondarv^ to the 'I’ertiary 
vegetation , that the line between the gyninosiiemis, or naked-seeded 
plants, and the aiigiosperins, having their seeds enclosed in seed 
Vessels, runs between the L'pper .ind Lower CreUu eons lormations 
“We tan now atlirm,' savs I, veil, “tli.it these \i\-la-L'hapelle 
jilants, called Credneri.i, lloiuished before the rieh rejiUlian fauna ol 
the setondary rocks had ceased to exist The Ii lithjosaiinis, 
Fteroikic till, and ^^o>,^saurus were of coival dale wuli the o.ik, llie 
walnut, and the lig ’’ 

'I he terrestrial fiiiia, eoiisisting of some new Repli’es hauntiijg 
the lunks of rivers, and liircls ol the genus Snijie, have certainlv 
only re.iched iis in small numbers 'I'he lemiins ot the inarnie t.iiin.i 
are, on the conirarv, siiDieieiiil} miniirous and well iiresirved to give 
us a gre.it idea ot its riches, and to enable iis to assign to it a 
ehar.ic terislit lanes 

'I he sea of the Upper Cretaceous period bristled with niiniero'ufi 
bab-m.irine reefs, oteupving a vast extent of its bed -reefs fornied of 

* Lyill's “ Ivleinents of Cjeulug},” p 333 
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Riidistes'‘(I ainarck), and of imnicnsL* iiiianliiics of \arious kinds of 
« orals which arc cvorywhert; associaterl with tlicin 'Jhe Polyps, in 
short, altiin <icrc one of the |>rmci|),i1 uiiorhs of their cMstcmc, and 
liicsciit ajromarkalilc dei elopineiit of forms , the same oi < iir-. w iih tlie 
Poly/0.1 (BTyo/oa) and Ainorpho/oa , while, on the tonirarj, the 
r.iKii of the Cephalopods seems to end Heantiful t}]jes of these 
an< lent reefs have been revealed to us, and we disiover that they 
liaje been formed under the intliience ol submarine lurreiits, wliuh 
"ai cumulated masses of these* animals at rertam points \othin}' is 
more eiirioiis than tins assemblage of —still stmdmg eiect, 

jsolated or m groups — as may lie seen, for instance, at the sumiiiil ot 
'the uiountains of tlic Conus m the Corbieres, upon the banks of the 
‘•Ivlang dc llcire” in Proven! e, and in the environs of Martigiies, at 
fa {'adiere, at iMgiiiervs, and jiartii ulaily above ISeaiisset, near 
'I union 

“ It seems," says Ah ide I)Y)rbigny, “ as if the sea had retired m 
order tosliovv us, still mtael, the submarine fauna of this ])eiiod, such 
■is It was when 111 life '1 here are here eiionnous groujis ot IhppunUs 
m their pkues, surrounded by Pol>ps, hihmocUrms, and Molluscs, 
which lived m union in these .innnal colonies, analogous to those 
whuJi still e\ist in tjjie < oral-reefs of the Antilles and Oceania In 
order that these groups should have been preserved intact, they must 
first have been ccivered suddenij by scdiinent, which, being removed 
bv_»tlic action of the atmosphere, reveals to its, m their most secret 
de'tails, this Nature of the past ” 

In the Jurassic period vve have already met with these isles or 
ree*fs tormed by tlie at i imiukilion of Coral and other Zoopliv tes they 
even constituted, at that period, an entire foimation called the Lontl- 
tiu' The same jiheiuiineium, reproduced in the (.retaceoiis seas, 
g.iv'e rise to silmlar calc ireoiis lonii.itions We need not repe'nt what 
we have said alrc;.uly on this siibjeet when descriliing the Jurassic 
^lenod .'I’lie coral or madrepore' isles ot the furissu epoch and the 
reefs of Riichstes and liippiirite's ol the Cretaceous period have the 
same orijjin, and the atolls ol Cecama are rcproiUietions m our own 
day of precisely similar phenomena. 

Among the invertebrate ammals whu h characterise the Cretaceous 
age are 

* 

Cl I'livioi'onv 

Nauti/iis stMicvigatus and N Dameus , Antmomtes n?»li atus , Belemm- 
■. tella mucronala 
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CIanj i-Rofunx 

Vofu/it I’/ongata Phow^ cau(itiiuhUu<t Xtrntaa hivilmiii Phmoto- 
mana ManutHuu anil P ^unlomtoo A'afna \uf>) <ui elacZ^ 


All PItM A 

7 ) liionia siiil'i it J/imivni'iis Ani\ J Lamankit Clai'i 

iidihui PkoliuloHiya tripimih'is S/>iWiI) 7 iis ij!>ini>stn , Osiiui 
vt\hii/iu IS . Onutt Itin'ti fauna ijiKidiuostata , A tea Giavi^it, 
Jli/<fiiiiti\ 'Jimanaiiits anil JI ai‘;a/nsans. Cafrina Agmllom, 
K'lJiolihs laiiio'^iii, .111(1 A’ aiiiticoi/iis 


l>KACIli01‘0DA 

C/aiiia /i^iia/'iigiHiii Ttuluatula ohsa 


ron/OV (Hk\0/()\) and K(HINOn^RMATA. 

Riihitlipiaa oldit/tta Aitaiukyhs aratm Almastn eor-anf^utniim , 
Ihuihutn biuaidtim anil TT Junnmh; Ga/nitcs a/begaU/ us , 
Cidaiis Pifi e/iainiiiei t , Paltcocoma Fursfcmbergit 


1 AcIINU/OA, 2 FORAMINII I K \ , 3 Si’ONl.IiS 

I. Cydoliks clliptua , Tluio^milia tudn , Emilhca’ina ramosa , 
ATtandnna l^tenatca , Syu/uha S/iaifuiiia 2 Orbi/oidis vndia, 
Ltluola ihiutilmdia hlalhllina tugesa 3 Comiwpoi a ciipiili- 
JoHuti Caimnuponiiia /Hiigi/aimn 

Among till, numerous beings which mliabiteil the Upijer Creta^ 
ceous sca.s there is one which, by its organisation, its iiroiioriions, anil 
the despotic empire whiih it would e\ercise m the bosom of the 
watcis, is rertimly most worthj of our attention ^^e spe.ak of the 
‘rthiih was long known as the great animal of Alaesiricht, 
because its reni.ams w'ere found near that city in the must modern Of 
the Cretac cans deposits 

In 1780 a discovery was made in the quarries of S.aint Peter’s 
Rorks, near Macstricht, of the head of a great Saurian, wrhich may 
now be been m the Museum of Natural History m Pans This dis- 
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coverj' ff*fllecl all tlii; s( lencc of the naturalists, ,it .1 period when the 
knowledge of these ancient beings was still 111 its infaiic) One saw 
in It the head of a Crocodile ; another, that of a AMialc , mcinoiis 
and moT^6graphs rained down, without throwing iniirh Iiglit on the 
subject • Hired all the efforts of Adrian Camjicr, joined to those 

ol the iminort.il Ciixicr, to assign its true /uologual jihue to the 
M.icstnrhl animal The lontroMisy our this line lus.il Liigigi.<l 
the attention of the learned lor the remainder ol the l.isi ((.iiliii} and 
f.ir’into the jiresenl 

Maestrnht is a eit) of the Netherlands, built on the banks of the 
Meuse At the gates of this city, in the hills which skirt the left or 
Vestern bank of the river, there nses a solid mass of cretaceous for- 
mation known as Saint Teters “Rocks Tn eunipositioii these beds 
correspond with the ^^eudon chalk beds, and they contain similar 
fossils '1 he c|u.imes arc" about 100 Icct dcLj), c oiisisiing in the ujujci 
part of twenty feet aboiiiidiiig in corals and Toly/oa, siircLcdccl by 
fifty-feet of soft yellowish limestone, furnishing a fine building stone, 
which has bc*en cjiurncd from time nnmeinonal, and estencls up to 
the en\ irons of I.icige, this is succeeded by a few inches ol greenish 
soil with 1' lie unites, and then by a lery while chalk with Liters ol 
flints 'I'he ciii.irry is Idled witli nianne fossils, olteii of gn it si/e 
'Ihese fossil reni.iins, naturally enough, altrulid the itlciUion of 
the curious .ind led maiit to visit the i|iiarriL's , but of .ill the dis- 
covynes which attracted atteiitioii the' greatest interest ail.uhed to 
the gigantic animal under c onsideralion \mong those interested by 
thcdisccnen ol these strange vest igc" was an olhccrol theg.nrison 
of Mac'stric lit, iiaince' Dmuiii lie purchased tlic bones eil tlie 
workmen as the ]>ick disc'iigigc'd them from the roc k, and cone liieled 
hv forming a collection in M.iestruht. winch was sjioki'n ol wilii 
admiralion in 17(16, the* liuste'fs ol the lliitish Miisciiiii he iriiig ol 
this c uriositv jiurc h.ised It and liad it u moved to I ondon Jnciled 
bv the esamplc of Drouin, llofliinnn the surgc'on of the' garrison, 
^Het ahoifi forming a similar colloc'tion, and his collcc lion soon c\- 
^ ceedcti that of Dromn’s Museum 111 riches It was m T7.S0 that he 
purchased ol the cpiairviiien the magiiilicciU fossil head, c\c ceding 
si\ fe'ct in leiiglli, which has since so exercised the sagacity of 
luatiiilihsls 

• Holliiian did not long e-njoy the fruits of liis jnecious jm/e, how- 
ever, the ch.ijiter of the ehiireh ol Maestneht elaiined, with more or 
. less fcJund.ation, c ertain rights of jvroperty , and m sjnte of all jirutest, 
the hcacl of the CiocoJih' of Mtush uht, as it was .ilready called, 
.passed into the hands of the Dean of the Chaptei, n.imeil (joddin. 
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who cnjo)i’(l till* posscbsiuii of Ins anludiluv i.in tropIiy/''untiI an 
unforeseen incident cb.m^rid the .isiK'il of things This incident 
was nothing less th in the lionilurdinent and surrender pf Maestnclii 
to till Anil) of the \orth under Kkber, in 1794 V 

'I’he \rnii of tin. \orth did nm entei ujion a campaign to obtain 
the crania ot t'rocodiles. hut it had on its staff a savant who was 
de^oted to sue li coiniuests 1 ‘aujas do Saint-I'ond, who was 

the predetessoT ot t ordiir in the Aiologital Chair of the fardm des 
PlaiilLs, was attached to the \nn) of ithe North as Scientific Com- 
missioner .ind It is suspoc ted that, in soliciting this niission, oiir 
naturalist had 111 liis e\o the already fimoiis head of the Crocodile of 
the Aleiise iloweier that may he, Alaestricht fell into the hands ot 
the French, and Faujas eagerlj ilaiined the famous fossil for the 
French nation, which was jiackcKl with the care due to a lelic nuinher- 
mg so ninn\ tlioiisiiids of ages, and di spate heel to the Museum ol 
Natural liistorv 111 Pans On its aim .1 1 , I'aiijas imdei took a labour 
wiiu li as he thought, wms to co\er him with glor) He commesu ed 
the publication of .1 work enlitle'cl “The .Mountain of S.iinl Peter of 
^^aeslrlf lit dese rihing all the tossil objei ts found in the Dutch quart) 
there, cspec lall) the Giuit Aiiiimtl of -NTaestric lit lie endeai oiirecl 
to proie tint this animal was a CriKodile 

I’niortiinately fur llieglor) of haujas, ,i I)ut(!h sa\ant had detotci' 
himself to the same stud) \dnin (’aniper was the son ot a grc.it 
anatomist of I,e)dcn, Picire 1 .iminir. who h.id purchased ol the 
heirs of the surgeon Hollin in some parts of the skeleton of the 
animal ioiiiul in the c|iiari) of •.S.unt Peter He had eMii piihlisheci 
in the J*/ii/oio/>/u,ttf Tiaiisaiti0H\ ol I oiidoii, as earl) .is 178O, a 
memoir, in wliic h the aiiimil is rlassinl as .1 Whale At the death ot 
his f.ither, .'\driaii (..iin])er re-e\aiiuned the skeleton, and 111 .1 work 
wliirli CiiMci ijiioles with idmirilion, he 1 i\ed the iiksas which were 
until then tioitmg about Ilepro\c*d that the hones belonged neitliei 
to a Fish, nor a Wh.ale, nor to a Crocodile, but rither to a jiartieiilar 
genus of baiiri.in Reptiles, or manne li/.irils, closely rcsclnbling ih 
many important structural characters, cMsling Monitors and Iguanas, 
and pec iiliar to rocks of the Crctai eous period, both in Eiiroiic and 
Anieric a T /mg before !• aiijas had finished the publication of his w 01 k 
on Jm Motihi^ne dc Saint Pune that of Adrian Cainjicr had apiJe*arecl, 
and totally (changed the ideas of the world on this subject It ilid not 
how ever, hinder F.auj.as from continuing to call hib animal the Crocodile 
of Maestricht He even announced, some lime after, llrat Adrian 
Camper wab also of his opinion “Nevertheless,” says Cuvier, “it 
is as far from the (Jrocodilc ab it is from the Iguana , and these two. 
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anini^^s differ ds much from each olhcr m their teeth, bones, and 
viscera, as the ape differs from the cat, or the elephant from the 
horse ” 

Th^e masterly memoir of Cuvier, Mhile confirming all the Mens of 
CanipW^Jins restored the indiMdunhty of this surprising being, nhich 
h.is siiKO received the name of Mosasaiinis, that is to say. Saurian or 
Li/ard of the Meuse It 
ajilie.irs, from the reseai c.hes 
of C.impcr and Cu\ ler, that, 
this reptile of the ancient 
n oriel formed an interme- 
diate genus between the 
group of the l^acertilin, 
which comprehends the 
Monitors (nprosentefl in 
I'lg T \())t aiicl the ordinary 
la/ards, and the Lacertiha, 
xvhosc [).dates are armed 
with teeth, a group which 
eiiibrac es tlie and 

the Anolis In respect to 
the Crocodiles, tl»c Mosa- 
saimts resembles them in so 
far.as tlic) all belong to tlie 
aMime c 1 iss of Rcjitilos 

'The idea of a ll/aid , skull of MomtDr Nilot undLrjau ofsame 

adapted for liMiig and 

liiuMiig with rapidit) at the bottom of the water, is not readily 
coiictued. lint a rareliil stud) of the skeleton of the Mosasaurus 
rcxeals to ys the secret ol this anatomical inechaiiism 'I’lie xertc- 
hi.e of the animal arc concave in front and ion\e\ lichind , the) 
are attached by means ot orbicular or arched artic illations, which 
permitted it to evecute easily movements of llcvion m any direc- 
tion .From the middle of the back to the eMremily of the tail 
these V ertebne arc deficient in the articular processes whic h siijipo't 
and strengthen the trunk of terrestnal vertebrated animals they 
resemble in this respect the verlcbixc of the Doljihiqs , an oi^anisa 
■ tion necessar) to render swimming easv 'Ihe tail, compressed 
laterally at the same time that it v\as thick in a vertical direction, 
constituted a straight rudder, short, solid, and of great power 
An aS'chcd bone was firmly attached to the bod) ot each caudal 
vcrtcbni in the same manner as m Fishes, for the piiqiose of 
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g)\infr increa'ied po«L‘r to the Uil , finally, the e\treiTiities/of the 
animal cuiiUl si and) he (ailed feet, but rather paddles, like those 
of the khtluo^aniiis, the Hlesios.iiinis, and the Whale Wc see 
in I'ly 146 that the jaiis aie armed with numerous teetli, fxed in 
their sockets hj an osseous kise, both large .iiul solid J^oreover, 
an altogether jieciiliar dentil svstetn oKupies the \aiilt of the |>a1ate, 
as in the ( ise ol reitain .Serjunts and I'lshes, where the teeth are 
direr ted backwards, like* the luib of a hook, thus opposing them- 
sel\(,s to the esiajie of pie\ Such ft disposition of the teeth 
suhiciently proves the destriiitive cliaraotcr of this Saurian 
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The dimension', of these a([uatit li/ards, estimated at sevciuj five 
feet, are cakulatcd to esc ite surprise Ihit, as wc have ajready seen, 
the lchlhyos.uiri and Teleosaun were of great dimensions, as w ere also 
the Iguanudoti and .Megalosaurus, which were ten limes the si/e of 
living Iguanas 'llie cretaceous icx-ks of America have jirovcd rich 
in reptilian remains l*or not only were there various forms of Mo^a- 
saurus (of which torty species are known), hut many demosaurs, flying 
lizards, cruLodihaiis, sea-satiriaiis, turtles and tortoises, and at least 
fifty pythonomorphs or sea-serpents Of these, the Distosam us was 
about fort) feejt long, while one of the turtles is estimated to have ' 
measured fifteen feet behind the tips of the flippers 

In Plvil XXII IS represented an ideal view of the earth during 
the Upper CfcleutOHs jjeriod In the sea swims the Mosasliurus, 
Molluscs, Zooph) tes, and other animals pec uhar to the period arc 
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■iCvn \3n the shore The vcKetalion seems to a]Ji>roach that of our 
I lays , it consists of Ferns and ('yiadcic (l’tcroi>hylhims), mingled 
\Mlli I’alins, Willows, and some dn otyledoiis of species analogous to 
those HF olir present epoch Algai, then very abundant, composed 
the vcgvMalion of the sea-sliore 

We nave said that the terrestrial flora of the U^jper Cretaceous 
period was nearly identical v\ itli that of the J o\\ cr '1 he marine flora 
of these two eijochs incliidcd some Algaj, Conferva:, and Naiadac, 
among which may be noted the folloniiig species Cff/ifen'ila faset- 
iulatus, Chomlnles Manlclh^ /Jjtiff/iiaiiu\,and^a,mong\l\c 

Naiad.e, Ao^tenles Ot hignuvia, Z lineata^ and several others 

The Con/i'n'iC ATit fossils which inaj be referred, but with some 
doubt, to the lilamentous Alga?, which comjirehend the great group of 
the Conferv.e I’licse plants were formed of simple or branching 
Mlaments, dmrsely crcassing caih other, or subdivided, and present- 
ing traces of transvcrsi ])arlilions 

The Choniiniii are, perhaiis, fo'^sil Mga, with thick, smooth 
bramhing fronds, piniiatihd, or div ded into pairs, with smooth 
(vhndrual divisions, and resembling Lhondms, JdiiNionfui, and 
ILilytufuia among living genera 

The !iarga\^itt's, finallj, have been vagnelv referred to the genus 
SargiUsum, so nbii.ii(l.int in troincal seas I’liesc -VlgiC .ire distin 
guished by a filiform, branched, or nimose stem, bearing foliateoiis 
appendages, regular, often petiolatc, and altogether like leaves, ,inil 
glvmular vesieles, supported by a small stalk. 

'I’he roiks which aetiiall) represent llie Ci ifmcous f’criod 

divide themselves natiirallv into sis. series , but ihui'-h and 1 cemli 
geologists make some distinction, the lormer div idmg them into 1, 
d/ircj/z zc/?/ and ysrvcv beds, said not toomirm Isnglind, 2, l\ hJe 
CVzii/X, williy///di -j, Whitt. Lhalk,\\\\\\\t\\X Jlints 4 LhatLMoil. 
5, Cppt'r Gitfiisiind , and 6, Gtxuit 'J he latter loin ire divided by 
toreign geologists into i, liiioinan 2, Siiwumh, 3. Diiumh 

'i'hcj Ctiult IS the lowest member ot die Cjjper I retice-oiis gronj) 
It consists ot a bluish-black clay imsed willi greensand, vvhuh 
underlies the Upper (ireeiisand Near Cambridge, where the Caiilt 
IS ^hout 200 feel thic k a laver of shells, bones, and nodules, ealled 
. the “ Coprohlc Ced, ’ from nine inches to a foot thieV!^ represents the 
IFjiper Cireensand, and rests on the lop of the Gault Claj 'Ihese 
nodules and fossils arc cxteiisiv ely w orked on aecouht of the phos- 
phatie matter they cont.nii, and when ground .ind converted into super- 
phosphate* of hmc they furnish a vciy valuable agriculciind iiianuie 
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'I'lic CuiulL n tliu kni.'i'i of .tlioiil loo fcol uii tlic south east 

(oast ui 1 'iigl.tinl It esLeiuls into Dctuusliirc, Mr Sluriiu Lori< 
sidiriii^ llic liljik Down huds of lint i oiintr) as itb cijuivalcnts It 
slKm-. in the I)..partiiicnt;> ot I’as dc-falais. Anloiinos, Mouse, 
Aiilio, \ onne, \in Cal\.idos and SoinL-Inforioiire ll prcbCPls very 
man) distinct mineral forms, among ivhuh two predomina'te green 
sandstone and hlackisli oi giev dajs It is important to know this 
formation, for it is .it this level that the Artesian waters flow in the 
wells of Passy and Grenelle, near Pans 

The i^laucoHs clialk, or Upiier lircensand, which is represented 
t)pically 111 the Departments ol barlhe, of Charente-Infeneure, of 
Yonne and \'ar, is composed of quarl/ose, sand, clay, sandstone, and 
limestone In tins formation, at the month ol the Cliarcnte, w'c find 
a remarkable bed, which has been described as a submarine forest 
It consists of large trees with their branches '.mbedded hon/ontally 
111 \cgetab1e matter, containing kidno} shaped nodules of amber, or 
fossilised resin 

The 'I'n toman beds are so named because the proiiiue of 
louraiuc, between haiiinur and Montnehard, possesses the best- 
deicloped ttpe of tins stnta 'i he uiincralogical coiiipositiun of the 
beds IS a fine gres nurU chalk, as at \ itr\ Ic I'rain^ois , a pure 
white chalk, witli a \er) fine gnin, shghll) argillaceous, and poor m 
fossils, in the 1 K p irtinc iits ot \oiino, \ulie, and Seme -1 nterieure , 
granular tuf.iccoiis < lulk, wliitc oi jcllow’ish, mixed with spangles of 
mica, and ccjnt lining Vmmoiiiic >, in Tourame and a part of the 
Departineiil of 'i.irthc , while, grej, )cllow', oi bluish limestone', 
enclosing llipimiues .ind Kadiolites In lenglatid the Dower Chalk 
passes also into t^lialk Marl, with Ainmomles, and llion into b^ds 
known as the Ujipcr (Ircensand, conlaimiig green particles of 
glauconite*, mixed, m Hampslnro and Surrc>, wiili much calcareous 
matter In 'he Isle of W ight this formation attains a Ihu kness of j oo 
feet Tlie Sctmium beds take their name from the. ancient 
1 he filj of Sens IS in the cenilre of the hesl-charac tensed poction of 
this tonnation , DjieriW), Mciidon, Sens, Viiidoiiie, Rovm, Cognac, 
Saintes, are the typical regions of llu IoiiimUoii in I'raiiie In the 
Pan-. |j,isin, milusne of the 'louis IhcIs, it .ittauis a thu kness of 
upwards of 1,500 feel, as was [iroced by the samples brought up, 
during the sinking of the Arteswii wdl, at (Ircnclk, by the borings 

In Its geograpliic il distribiilion the Chalk has an niiniense r^inge, 
fine Chalk of hcarly similar aspeet and eompositiun being met w itb 
in all directions over hundreds of miles, alternating in its lower beds 
with layers of flints In ]*.iig1.ind the higher beds usually consist of a 
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jiurc'Aliitc c.il»aicoiis ])i<iss, generally too soft for building-stone, but 
bumetifnes ^tassing into a solid rock 

The Daman beds, uhuh occupy the buinmit of tlic scale in the 
Crctaci'ou^ lormation, .ire finely developed .it Macslnilit, on the 
Meuse ^nd in the IbKind of Zeeland, belonging to Dcninaik, i\hore 
they are represented liy a slightly }elloiiiish, coinp.ict limestone, 
ipuirncd for the construction of the rity of I‘a\oe It is slightly 
leprescntcd in the Pans basin at Meudon, and I asersines, in the 
I )epartnient of Oise, by a white and often nibblj limestone know n as 
piio/ttic /iniisloiic In this 'formation Anintom/i's Dameus is found 
1 he yellowish sandy limestone of M.ieslriclit is referred to the 
Daman type. Jiesides Molluscs, Polyps, and Pol\/oa (firyo/oa), 
this limestone contains remains of Pishes, 'Piirtles, and Crocodiles 
Hut what has rendered this rock so celebrated was that it contained 
the Ti'miains of the amma! of Afaestmht, the Mos.asaiinis 

At the close of the geological jicnod, whose natural physiognomy 
w'c h.rve thus trac ed, ICiiropc was still far from dispbiying the configu- 
ration which It now jiresents A map of the period would reiiresent 
the great lusin of Pans (with the eveiition of a /one of Chalk) the 
whole of Sw itzerkind, the greater ]>art of .Sjiain and Italy, the whole 
of lleigtum, Holland, Prussia, llung.ary, \\ ilkiihi.i, .ind Northern 
Russi.1, as one va'it sheet of w.iler A band of J iirassu rocks still 
loniicited Prance and England at Cherbourg which disa])pcarod at 
a later period, and lauscd the separation of the IJritish Islands from 
wh.it IS now Prance 

During this period the tcm|rcraUire of the southwestern States 
of Ainerua jircvaJcd in 70" north latitude Por in Greenland we 
find the remains of a liiMiriant \egetation, many species of which are 
almost identical with those of that region 
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Till-: TERl lARY ' l-:i'OCII 

A. NLW organic iroation iii.ikcs its» appearance in the Tertiary period, 
nearly all the animal lile is < liani'cd, and ivhat is most remarkable in 
this new clot clopmcnt is the apiKMrance, in larger numbers, of the 
great class of Mammalia 

During the Primary jicruicl Crustaceans and iMshcs ]>redominatcd 
in the animal kingdom, in the Secondaiy period the earth was 
assigned to Reptiles , but during the 'rcrliary period the Mammals 
were kings of the earth , nor do these anini.ils appear in small 
numbers, or at distant intereals ot time, grcit numbers of these 
beings seem to bate li\ed on the earth, and at the same moment, 
many of them liemg even yet unknown and undei>( ribed 

Jf we* e*\cept the Marsupuils, the lirsl created ^Tammals would 
appear to ha\e been the J’achydcmis to which the Mejihant belongs 
Tins order ol animals long held the tirst rank , it was almost the oiriv 
representatne of the Mammal <;lunng the first of the three periods 
which constitute* the I crtiarj epoch In the second and third i>eriods 
Mammals a] ipear of sjiec leswhich hasenow bet omee\tinc t, andwhieh 
were alike curious fiom their enormous ]m)portioiis, and Irom the 
singiilarit) of their st rue Hire Ol the spec us which appeared during 
the latter jiart of the epoc h, the greater nuiiibei still exist Among the* 
new Rc]itiles, some Salamanders, as large* as (. loc odiles and not \ery 
distinct from existing forms, are added to the aiiim.d i leatloiv during 
the three* periods of the 'I ertiary epeuh t lielonians were .ibundant 
within the Jhitish area during the oldei cjioch During the same 
epoch Hirds arc present, but in much fewe'r numbers than the 
Mamm.iha , here songsters, there birds of pie\ m other c ases clonu,'stie 
- or, rather, some ajjpear ti) wait the joke and dniiiestuation from 
man, tlie future* supreme lord of the cartli 

The seas \\ere* inhabited by a lunsiderable number of beings of 
all classes, and nearly as vane*d as those* now* living, but -we no 
longer find in the 'I'ertinry seas those* Aninioniles, llelemnites, and 
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1 1 ippifritL's ivhi( h peopled the seas and mnltiplied uith stuh astoiiish- 
iiif' profiisiuii during the Secondary period I lent eforth the testae i ous 
Molliisi.^ ny]irnximate in their forms to those of the present tune 
'I lie older and newer 'I’ertiary Senes contain few peuihar genera 
1 >ut gen^Qi now found m warmer climates were great!) de\ eloped 
within the British area during the earlier Tertiary times, and ^piaes 
of I old ( Iimates mark, the close of the later '1 erliaries 

What occurs to us, however, as most remarkable in the Tertiary 
epoch is the prodigious incn;ase of animal life , it seems as if it had 
then attained its fullest extension Swarms of testaceous Mollusca of 
imcrosropic proportions — horaminifcra and XunimiiliUs — must have 
inhabited the seas, crowding together in ranks so serried that the 
.iggloiner.itcd remains of tlieir shells form, in some places, beds 
Jiiindrcds of feet thick Jt is the most extraordinar) dispki) which 
lias apjicared in the whcJlc range of creation 

Vegetation during the 'I'erliar)' period pi esents well-defined charac- 
tinstics The Tertiary llor.i aiiproachcs, and is sometimes nearly 
identical with, that of our da)s •‘The class of dirotxlcdons shows 
Itself there in Us fullest dc\ elojinient , it is the C|inch of flowers. 
'I he surface of the earth is embellished b) tlie variegated colours of 
the flowers and fruits which succeed them '1 he while spikes of the 
('•r,iimne.u display themselves uiion the verdant me.idows without 
limit, ihe'y seem provocative of the* increase of Insects, which now 
singiikirly multiply In the woexls crowded with flowering trees, with 
rcyftided tops, like our 0.1k and bireh. Birds bei onie inoie numerous 
file .itinosphere, jiiirified and disend>arras'»ed of the veil of v.ipoiir 
winch has hitherto pervaded it, now permits animals with such 
deTicnte piilinonary organs to live .ind inuU<pl> their race 

During the 'Terti.ir) period the influence of the ceiiti.il heal may 
li.ive ce.ised to make itself felt, in conseiiuenc e of the iiureMsed 
thiikiuss of the terrestrial mist B) the mlluence ot the solar heat, 

I Iimates would be’ developed in the various laiitiules . the tempera- 
p Hire of the eailh would still lie nearl) that of our ])resenl tiojm s. .mil 
at this eppeh, also, cold would begin to make itself felt at tin poles 
Abundant rams would, however, eontmue to pour iijion the earth 
inonnoiis <|iiantities of water, which would give rise to nnportanl 
rivirs, new laeiistniie deposits c^J fiesh walir were fonned 111 great 
numbers, and rivers, b> me*ans of their alluvial dcpoyls, beg.nn to 
form newv land It is, 111 short, ihinng the 'Tertiar) epoch tlmt we 
tniee an .iltemate succession of be*ds innlammg organic beings of 
nianne brigm, with others peculiar to fresh water It is at the end of 
^ this peiiocl that eontinents and seas take their respective places as 
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wo now SCO llioni, and that llic surface of the earth rec«;ivcd its 
prosoni lorin 

'1 he 'rcrliary epoch, or senes, embraces three very thstinct 
periods, to wlmh tlie names of Eoiine, Mii>,cih\ and l*lioime liave 
been gnen by bir Charles I -yell The etymology of thesis ^allies is 
derived — liot ene, from the (Ireek and Miocene, 

from A'iT, Koii-Jj, ment , and Pliocene, from more, koiho*, 

recent, by which it is simply meant to evpress, that each of these 
periods contains a rumor or greater pro[)ortion of recent species (of 
Teslacea), or is more or less remote Irom the dawn of life and from 
the present lime ,* the osprcssions are in one sense forced and 
incorrect, but usage h.is < onsccraled them, and they have obtained 
universal currency in geological language, irom their convenience 
and utility f 

* I vill s “ I'lcmcnts of (Ecology,'* p 187 

t <Jf hie yc ir-., in t)ligc,r»iK*‘ group lias liii,n |>ropo><L(l to lie iiistileil 
hctwccii the 1 01.VIU iiul Mioilik, hy iiniling ihe u|>pci portion of ihi. oik. systuin 
with the lower portion of ihc oiliLr lint this is sc.iiucly necessary It ought also 
to !«, iioitil lint the iciuli-ncy of recent observation' is to show that the siipposeil 
ahiiipt hriaU liLtwicii the Stcoml iry iml hrtiary epochs is by no means conslajil 
" Breaks ' are invleeil mure local than general 
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THE ^-OCENE PERIOD 

Durinc. this period hnafinnti h.is vastly "aiiiLcl upon the domain of 
the sea, furrow c«l with streams and n\ers, .ind here and there with 
great lakes and ponds, the* landscape of this period jire'senled the 
same curious mixture whieli uc have noted in the preceding age, 
that IS to say, a combination of the ve‘ge*tation of the }>rimitive ages 
with one analogous to that of cmr own limes Alongsiile the 
lurch, the walnut, the oak, the elm, ami the alder, rise lofty pahn- 
Irecs, of S|ie<ies now evtiiut, such as FMtdhtiut and /\t/iiiiiitfts 
with many evergreen trees (Comlers), for the most part belonging to 
genera still existing, as tlie /./i, the* tlie }th<s, the i\presni, the 
junijiiis, and the* //iu\its or tree of life 

i'he CHpamofiUs^ among the Siipmdacea: , the* Ciunimtts, among 
the Cuturljitare*.e (species .malogous to our bryoii)), climb the* 
trunks of great tre*e*s, and hang m festoons of aerial g.irlands Iroin 
• ihCir branches 

The Ferns were still repre**<e?ite*d by the genera J’nvp/tns, 
by the Ttcmoptuu, Jsphuutm, Polypodimn Of the musses, some 
formed a humble hut elegant and lively vegetation along- 
side the terrestrial and frei|uently ligneous plants which we have 
noted /iqmsitu Am\ CVia/ it vtouhl still grow m marshj places ind 
on the borders of rivers aivl ponds 

It IS not vvithuut some surprise llul \ e observe here eertaiii 
planfs of our own epoeh, which se*em to have had tlie privilege of 
ornaiiicntiiig the gre.iter wateicourses Anioiig liieae we may 
mention the* Water Caltro]*, 7iap,i Hataiis, whose line* io->elte> of 
green and dentateil leav es llcxil so graeefully in ornamental ponds, 
snpported by their spindle-shaped petioles, itsfimt ,vhanl eonai;eoiis 
mu, with four horny spines, known m 1' ranee aa , atir-che\tnuts, 
vvhic h enc love* afarm.uious grain not unpleasant tc) ihe taste, the 
IKiiul-vveed, J\>tamo^^tion, whove leaves lorm thick Intis of gree*n, 
aftording food and shelter to the lishes , w, vvhieh spread 

beside* their laige raiiiicl and liollow leaves, so admirably aclapte*d for 

m. ^ 
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llonltng on tlic water, now the deep-jellow (lowers of tlie N^phar^ 
now the [Hire white flowers of the J\ynip/uca Listen to Lecuti, as 
he describes the \egil.ition of the period - “'I'he Lower. IVrliary 
period,” liL s.i)s, “ t (inst.inlly reminds us of the tropic.il l.inclsr.ipcs of 
the present epoih in kM.ilities where w.iter .ind huit together 
impress on \ eget.'itinn .'ipower.ind nujestv unknown in our climates 
The \lg.e, whuh hi\c nireadv been observed in the imnne w. iters at 
the elose of tlie Crel.ueous period, lejiresenlcd IhennseUes under 
still more \.iried forms, m the c.irliiT 'i'eiti.iry deposits, when they 
have been formed in die s«..t I-{e‘p.itic.is and Mosses grew in the 
more himiul places, iii.ui) prettv hems, .is l\ioptctn Phegnp/atSy 
.and the hijuiuttiiii ittlhut (Poniel) vegeUted in luol an<i humid 
pKiies 'File fresh waters are trow'ded with Atinuhs, Citara, Po- 
Canltniti\^ witli /osltritny .mil with Ita/vi/iloi is Their 
le.ives, floating or submerged, like those of our .iipi.iti' pl.iiits, con- 
cesiled legions of Molluses whose remains h.avc also reached us 

“ (Ireat numbcTs of Conifers lived during this jicnod M llrong 
nusTt enumerates fortv-one iliflcront spenes, whuh. for the most part, 
reniiiid us of living forms with whuh we arc lannliar — of J’lncs, 
Cjprcsscs.'I'hujas |iiiii)ieis, I irs, \ tvv-., and J‘,|ilKdia I’alms minglccl 
with these groups of ivorgreen trees, PlahtlUxua Pa>i\hmis of 
llrongnurt, F iiiphifolut of Stcriibeig, /' ma\imU of Lnger, and 
some Pii/iHtUitfs, raised their widelv -spreading crowns near the 
niagnifii eiit IJti^/ifm Afalvace.e, or doubtless arborescent, 

as nian> among them, natives ofver) hot (limatcs, .are in our ilays 
“ Creeping pl.mt>., siu ii as the <. m uim/i i viii uilnli\ ( Urongn ), and 
the iiiimeruus sjiecus ol LitpoHioults — the one belonging to the 
( IK urliiku e.e, and the ollur to the Stijniidacex’ twined their slender 
stems round the trunks, doubtless ligneous, of various Legiimin u e.e 
“ 'I he famil) of I’ctuku ea* of the onler Cupulifer.c show the form, 
then new, ol Qiuiius, the Oak . the J ugl.mele*.e, and I Imace.a- mingle 
with the l’rote.iee.e, now Imiited to the souiluiii luiiiisjriiere Diiiiuito- 
plnlliUSy preserved in .amber, sum to h.ive luloiiged to the faiiiily of 
the* Lricincic, and 'Piapa Inhnie of Ungei, of the gruiq) ( Lnotherc .a:, 
floated on tlie shallow w.iters in v^hiili grew the C/iuia and the 
Potaim\iclon " 

'I Ins nunierenis flora comprises more lh.m >>oo known species, 
of which 3^7 bo’onged to the Dieotyledoiis, eighty to the Monocoty- 
ledons, and si\^) -three to the ( ’r) jitoganis 

“'Frees preeJommate here as in the* preceding iicriod, but the 
great numbers of arjuatie ])l.ints of the period arc quite in accor- 
dance: with the geological facts, which show that the continents and 
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islanfls were intersected by extensive lakes and inland seas, while 
vast mftriiie liays and arms of the sea [lenctmted deeply into the 
land ” 

It moreover a pecuhnnty of this peiiod that the whole of 
Eiirope comprehended a great number of those plants which are now 
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confined to \u' Lialasia, .mil which gne so strange an aspect to that 
rountr>, which steins, m its vegetation, as in its animals, to have 
*preservi.cl in its warm latitiiiks the last vestiges of the organic, 
creations peculiar to the primilne w oriel As a type of dicotvle- 
donoiijS trees of the epoch, we piescnt here a restored branch of 
humlyptm (I'lg 14CJ), with its flowers All the family of the Pro 
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Alimosas, rnmpriiing Afaiia and Aliuip^ites, winch in onr agC 
are only natives of the southern hemisphere, abounded in Einope 
during the srtme jicriod A branch of BanksiOy with itii fr\irt“iri(a- 
tion, taken from impressions discovered in rocks of the period, is 
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represyitcd in Fig 150 — it is difrerciU from any species of Banksia 
li\ing irfour days 

Mammals, birds, Keiililes, Fishes, Insects, and Mnlluscs, form 
the terrchtilal fauna of the Eocene period In the waters of the 
lakes, .whose surfates are deeply ploughed by the passage of large 
TehiiHis Molliisrs of \xx\i 2 .'\{axm\X!iPhysa,TAiinuia,Plamihi\, 
and 'I’liitles swam about, as Ttionyx and the Emydis Flamingoes 
made their rclieat among the reeds which grew' on the sliore , 
sea gulls skimmed the surfat^c ol the waters or ran upon the sands , 
owls hid thenisehes in the cavernous trunks of old trees, gigantic 
bu/zards hovered m the .iir, watching for their prej , while heavy 
crocodiles slowly dragged their unwieldy bodies tlirough the high 
marshy grasses All these terrestrial animals have been discovered 
m Isngland or in 1* ranee, alongside the overthrown trunks of palm- 
trees The temperatufe of these countries was then much higher 
than it IS now. 'i’he Mammals which lived under the kititudcs of 
J’ans and London are only found now in the warmest countries of 
the globe 

'I'lie Pachyderms (from the Greek f/ttfk, SfpMi*, skin) seem 

to have been amongst the earliest Mammals which appeared m the 
Eck ene period, and tlicy held the first rank from their importance m 
niimbe'l of species as well as in si/c Let us pause an instant over 
these Pathyderms 'Phcir prcdominanrc over other fossil Mammals, 
which exceeded considerably the number now living, is a fact luuih 
uAisted on by Cuvier Among them w ere a great number of inter- 
iiicdiate forms, wliuh we seek for in vain m existing genera In 
fact, the Pachyderms are separated, 111 our days, by intervals ot 
gi'eater extent than we find m any other mammalian genera , and it is 
very c iirioiis to discover among the animals of the ancient world the 
broken link winch c oiinec ts the chain of these beings, which have 
loi llieir great tomb the plaster-cpiarnes ol I’aris, Alontmartrc aiul 
J’antm being tlieir latest refuge 

Jvudi Tilock taken from those tpiarrics encloses some fr.igmeiit of 
a bone yf these Mammals , and liow many niillions of these liones 
had been destroyed before attention was directed to the subject’ 
'I’lie I'nheothcHum aiiel the AnophtJhi ntm were the first of these 
niuinnls which Cuvier restored , and subseciueiit discoveries of other 
.fragments of the same aiiiiiials have only served to confirm what the 
genius of the great naturalist divined His studies in the quarries of 
Montmartre gave the signal, as they became the iiiodkl, for similar 
rcsearc!hes and restorations of the animals of the ancient w'orld, .ill 
over Europe- researches winch, in our age, have drawn geology 
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from the stito of inLinty in which it languished, in spite of the iHagni- 
fiient .ind perseiering labours of Steno, Werner, Iliiltdn, and 
baussure 

'1 ho Ptihi-olliirinHi, . lum, and Xif>/ii>iioH were licrVnvorous 

animnN. nhieh must ha\c liotd in great herds 'I'hcy appear to liave 
been intermediate, according to their organisation, between the 
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Kliinoceros, the Iloise, and tlie T.ipir 'I'liere bceni to ha\c CMsteil 
many spu 'es of them, ol \cry ditTerent si/es After the 1aboiin> 
of CiiMcr, nothing is easier than to rejiresenl the J'nltcothtrtum as it 
lived the nose terniin.iting in a muscular lleshy trunk, or rather 
snout, soniewnat like that of the 'I a]<ir , the eye small, and displaying 
little intclligeiuc , the head ciionnously large , the boily stpiat, thuk, 
and short , tht. legs short and very stout , the feet supported by three 
toes, enclosed in a hoof, the si/e, that of a large horse Such was 
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thi' [Jrtyt niuu, pcact-ful flew ks of whu li must mlKi]iile.>«l 

(he \a1lL)s of (lie plateau which su'rciuncis the aiu leiU h.istn of 
i’ans , o^ tliL lacustniit. forinations ot ( >rle.ins and \rf;c ul<in of the 
Itrtiarj formations ot Issil and l‘iiy-en-\ slay, m the l>eiiartment of 
(hronde, the Tertiary fnrm.itions near Koine, ni the heiN of 
“IfTTHistone* at the <iiiarries of ninsuad, in the Isle of W’lghi F ig 151 
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rclircsents the great PaI.eollieriiini, after the design, in outline, gi\en 
hy Cuvier in his work 011 fossil hones 

'J'lie discosery and ic-arrangenunl of these and other forms, now 
swept from the fare’ of the globe, are the iiohlcst triumphs of the great 
I' rem h zoologist, w ho gathered them, as we ha\ e seen, from heaps of 
(Confused fragineiils, huddled together pell inell, conifirisiiig the hones 
()l a great iii.iiiy species of animals of a former age (/ the w 01 Id, all un- 
know n within (he historic period The generic rh.nactcrs of I’.il eu 
'tlieriiiin give them fori) -four teeth, namely, twelve molars, luiirc anmes, 
and tneiit; eight others, three toes, n short prohosi is, for (he allach- 
iiiciit of which the bones of the nose were shorliiiLil, as shown in 
>Sb 1 54, leaving a deep notch below them 'I'lie molar teeth 
hear c onsiderable resemblanc c to those of the Rliiiuweros In the 
stfueture of that part of the skull intended to support the short 

* Tliisjiniestiinc lielong>i to lliu Bciiilirulgc hciU, ami forms part of iIil I luvio 
marine senes See “ Survey Memoir on the Geology of the Isle of Wight,” liy 
II W Kristow. 

U 


TtH’ woKLh nnoK! I'Hh nunui 




I 


prolioscis, and in l^it: feet, 
the nniinni sceintl to have 
resembled the 'I'ainr 

The j'co1()};iea1 pLue of 
the e\lmtt I\il.eplhenuni 
seems to have been in tin, 
first great fresh-water forma 
tion of tlic hloccnc ]icno<l, 
where it is < hiefly found 
with Its allies, of whi< h 
several spei les have bi'en 
found and identified b> 

I Cuvier Dr lliirkland is 
■g not singular in tliiiil^- 
^ iwg that they lived anil 
died on the m.irgins of 
3 lakes and rivers, as the 
p' Rhinoceros and Tajiir do 
I now He IS also of opinion 
5 that some retired into the 

1 water to die, and that the 
a dead, carcases of otheis 

2 may have been drifted into 
■S the deeper parts in scasoii- 
® of flootl 

I n'he Paheotha mm varied 
|| greatly in si/c, some species 
being as large as the Rhino 
5 tcros, while others ranged 
^ between the si/e of the 
jZ Horse and that of a Hog 
or a Roe 'I'he smalkr 
Palicotheriiiin •resembUiJ 
the Tajiir I ,ess in si/o ■ 
than a Coat, with shin and 
light legs. It must have been 
very (.ommon in the nortli 
of h'rance, where it w'oyM 


browse on the grass of the wild praines Another species, tlu 
P scaiecly exceeded the Hare in si/e, and it probablj 

had all the lightness and agility of that animal It lived among tlu 
bushy thickets of the environs of Pans, in Auvergne, and elsewhere 
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All ^hcsc animals lived upon seeds and fruits, on the green tw igs, 
or subtor»anean stems, and llie siu culont roots ot the plants of the 
period 'j^'hey gLiierally frecjiieiiteil the iieiglibourliooil ot fresh water 
huoplothernuu (from i»inr\os, ihfincihn^ Oiiploif, animal)^ had 
llie posterior molar teeth analogous to those of the l<.hiun< crus, the 
•S> v’jt^ti.rihint'iting 111 tw'o great toes, forming an cipiallv dn ided hoof, 
Ike lhat of the ()\ and other Rimiinants, and the tirsiis ot the toes 
nearly like those of the Camel It was about the si/e of the Ass, 
Its head was light , but what woiiUl distinguish it most niiist ha\e bieii 
an enoruious till of at least tllrec feet in length, and veij lliiik at its 
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jiinrtion with the boily Tins tail evidently sened it as a rudder and 
propeller when swiinnimg in the lakis or ruers, which it freipiented, 
not to sei/e fish (for. it was strw tly herbivorous), but in search of roots 
nid stems, of sncmleiit aiputic plants “Judging from its habits of 
.su miming and diiiiig, ’ says Cuvier, “ the \noplotheniim would haie 
tile hair smtioth, like the otter, ]ierha]>s its skill was even half naked 
It is, not likely either that it had long ears, whnli woiilil be iiuon- 
veiiieiit m its ,i<|uatu kind of life, and I am inclined to think that, 
111 this respec't, it rescinbled the llippopotaniiis and other muidriiiseds 
whtcji freciiient the viater much” To this desenption Cuvier hael 
nothing more to add 1 lis mciiiuir ujion the pacliydermatous fossils 
-of Montmartre is aLcom[Mnied by a design in outline at Amplothu turn 
lommuHCf which has been i losely followed in Fig. 1 54 
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Tlicrc were bpctics of Anoplolhcniim of vciy small si/o p A lept 
tiHiiHi (or the 1 rare-Atioplotheruim), whose feet are c\ulentiy a(la]>t( i| 
for speed A minimum and A oblt^uum wire ot still smaKer diiiiLii 
sions the last, espetiallj, s(ar<tly c\t coded the si/^. of a rat 1 iki 
the Water-rats, this species inhabited the banks of brooks and small 
rivers 

'I'liti Xip/ioJpH was about three feet in height at the withers, and 
generally about the si/e of the Chamois, but lighter m form, ami 
with a smaller head In ]iroportion a% the a]>pLarinrc of the Auff/</i> 
thenum eommnne was heavy and sluggish, that of \iphodon giauh 
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was graeeful and ac Live , light and agile as the Ca/elle or the Cioat, 
It would rapidly run round the marshes and ponds, depasturimt 
on the aromatic herbs of the dry lands, or browsing on ihc sproiita 
of the >uung shrubs “Its lourse,” says Cuvier, in Ike iiiemoii 
already cpioted, “was not embarrassed by a long tail, but, like .iH 
active herbivorous animals, it was prolxibly timid, and with large and 
very mobile ears, like those of the stag, announcing the sliglite-'i 
approach of danger Neither is there any doubt that Us body w a" 
covered wah short smooth hair, and conscciunntly we only remi in- 
to know i\s colour in order to paint it as it formerly existed m this 
country, where it has been dug up after so many ages " Fig 15 S 
a rcprocluction from the design in outline with which Cuvter accuin- 
punied the description of this animal, vrhich he classes with the 
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ViioploVicrtum, and which hjb received in our days the name of 
iphodotl gracile 

'I'hc {^^])s|im-qiiarries of the environs of Pans include, moreover, 
the remains of other Pachyderms the Cha:ropotamus^ or River liog 
_jfrom inh-a/ios^^ which has some analogy with the living Peccary, 
tliurigh much larger , the Adapts^ which reminds us, in its form, of the 
Hedgehog, of which, however, it was three times the si/c It scuns 
III liavc been a link between the Paiindcrms and the Insectivorous 
1 ii’mvora ’I be / op/iiodiw, the si/e ol whit Ii \ ai led with the spci ics 
Moiii th^al ol the Kalibit to that of the Rhinoreros, was still more 
< lo'iely allied to the 'I'apir than to the Anoplolheriiim , it is found in 
the lower beds of the gyjisum formation, that is to say in the 
‘( aliaire drossier ” 

. A Pans geologist, the late M Desnoyers, of the hliiscum of 
\jtiiral History there — discovered 111 the gypseous beds of the valley 
(i> Montniureni y, and elsewhere in the neighbourhood of Pans, as at 
I’Hitm, Chchy, and IXimmartm, the imprints of the footsteps of some 
Mammals, of whuli there seems t«> be some question, espcii.il!) with 
iig.ird to the \noplollieruim and P.il.uolherium I'ooiprinls of 
hirties, Uirds, ,nnd even of Carnivora, sometimes attompan) these 
I uiious traces, which have a sort of almond shape more or less lobed, 
.ictoiding to die divisitms of the hoof of the animal, aiul whirh reeall 
Id mind » mil] iletily, m then moile ol prcidiu tion and preservation, 
iliiiii^ luijirints of the ste]is of the J»ib>riiithotlon which have been 
iiiinlioned as uicuiring 111 renks of the '1 riassii pe’riod 'J his dis- 
iDvery is interesting, as it furnishes a aieans of (um]>anscm between 
till* imprints and llie .<niiiuls which have ]>rodiueil them It brings 
into view', as it wore, the material ti.ues left m tlieir walks upon the 
soil by animals now anmliilatcd, but whej once oiiiipied the 
iiiysteiious sites. of .in e-arlier woild (.See* I'lg i, p 12) 

It IS intc resting to pu turc in im.iginatioti the vast jiastiirages cif the 
Icrli.ir) ])eriocl swarming with Herlmora ot all si/es 'Hie country 
JiDW surrounding the eity of Pans belongs to the period in (|iiestioii, 
iiid not l.ir from its gates, the woods .iiid jikinis were erowilccl with 
g.iine " of which the P.irist.in siiortsmaii little dre.mis, but winch 
Would neverllieless singul.ir!) .niim.iti the earth at that chsLint epoch 
I lie alisence of gre.it Carnivora evpktins the vai»id increase of the 
agile and graceful denizens ot the wood, whose race seeliis, to h.ive 
lieen so iniillijihed then, but wbieh was ultimately annihilated by the 
.teroi Wilts be.ists of l>rey whuh allerw irds made ihoir a|V|]earanee‘ 

Tlie* s!ime novelty, in lies, and vaiiety whuh distinguished the 
Maininals of tlie '1 ertiary period extended to other classes of aninkilb. 



326 


THE WOULD llEFOKF THE DI-LUOP 


'Fhe class of Birds was represented by the curious Gastornis ‘Zlasseni^ 
a gigantic species from Surrey The hones of other birds have been 
obtained from Hordwell, as well as the remains of quadm^ieds, among 
the latter the Hyicnodon, supposed to be the oldest known example of 
a true c arnu oroiis animal in the senes of British fossila, and Jhe. 
tossil Bat known as the VtspoUho Faristensts The American 

Koccne yields the four 




hooledandflvc-hoofccl 
ancestors of the horse, 
the Dtinocerafa, with 
SIX horns and two 
long tuskdikc canine 
teeth in the upper 
jaw, S:c Among 
Reptiles IS the Isle 
In W'lght Alligator, 
Oocodtlus Toliapmts, 
the TVtonyx turlk, 
&c (Kig isfi) 

In the I lass 
I'lshcs w’c now see 
'the J*/tw D/Hitti, or 
ll.it fish, of whiih 


f’/alit\ and 



R/wwbii'i arc 

w ell-known esainjilcs 
Among the L’nisla 


tin ijO Irioiijx, or IuciIl, of llii I ctbiry penud 


leaas we see the 
earliest i rabs At 


the s.imc lime multi 

tildes of new Molliisca make their appearance Ofn'n, 7) don, Cirsm, 
Ifiv pa, Ciipidula, \c 

'I'he hitherto unknown forms of St/itz,id,i are remarkable among . 
Ischiiioderms, the /ooplijles are also abiinilant, es|n.cially tlu 
PotamiHtfit a, wliiih seem to make up by their numbers for their 
delicieiuy in si/e It was in this jienod, in the bosom of its seas 
and far from shore, th.it the \iiiniuii/ilt\ existed, whose laliareoiis 
envelopes play such a < onsiderable part as llie Clements of some’ot 
the 1 ertiary formations I he shelly agglomerates of these I’roto/oaii 
Rhi/oiiods constitute now very important rocks 'I'he Niimmulitu 
limestone forms, m tlu chain of the l*jrenees, entire mountains oi 
great height , in Jegypt it lorms strata of consider.ible extent, and it is ol 
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these rT[[cks that the ancient pyramids were built 'What an enormous 
time mutt have been ncressary to convert the remains of these little 
shells 11^ beds many hundreds of feet thick ' The A/i/io/n were 
also so abundant 111 the Eocene seas as to constitute the greater jiart of 
( alcareo,us rocks^ out of whii h Pons has been built Agglomerated in 
'll t manner, these little shells form the continuous beds of limestone 
which arc ipiarned for building piiriioses in the environs of Pans, 
at Gentilly, Vaugirard, and Chatillon 

On the opjjosile page \\c [’resent, in I’l mi- X\III , an imaginary 
liiulsiape of the Isoceiu period Wc remark amongst its \igetatiun 
I inistiire of fossil s[)i.tics with otlicrs belonging to the [irtsent time 
The Alders, the Wy« li-elms, and the t*)p*'Lsses, mingle with /•/ii- 
hlhina, the I'alms of cxlimt sihjhos \ great bird a wader, the 
hvitalus — occupies the [vojeeting point of a rock on the right , the 
'I iirtle (Tnonv^X floats on the river, in the midst of N>iii]ih.Las, 
\ii]ihars, and oilier ac|ualu plants, whilst a herd ot I’ala'otlKii 1, 
\uoplollKiia, and Xiphodoii peacefully browse the gr.iss of the 
natural meadows of this tiasis 

With a general resemblance m their fossils, nothing tan be more 
dibbiimlar, on the whole, than the l1tholog1c.1l or iiiiner.al characters of 
the Eocene deposits ^of France and England, “those of our own 
Island,” says Eyell,t “being .tlmost exilusively of merhaniral origin 
-accumulations of mud, sand, and pebbles , while in the neigh- 
bourhood of Pans we find a gre.it sut c essiun of str.it i composed of 
limestones, some of them silicious, and of rrystallme gypsum and 
sihcious sandstone, and sometinics of pure flint used for millstones. 
1 1 cnce it is by no nie.ins an easy task to mslitiite an exact rom- 
parison between the various memljcrs of the English and French 
senes It is clear that, on the sites both of Pans and lamdon, .1 
continual ch.inge was going on in the fauna .and flora by the coming 
in of now species and the dying out of others , and contcinporaneoiis 
c luinges of geographical conditions were also in jirogress in conse- 
i|iience of the rising and sinking of the land and lioltoni of the sea 
A particular subdivision, therefore, of tunc was u((.isionally repre- 
sented m one area by land, m another by an estuary, in a third by 
sea, and even where the conditions were m luilh areas of a marine 
charatter, there wxas often shallow water in one, and deep sea in 

* Similar beds of Miliuliie hmcslunc arc found m the Middle. liagshol lieds on 
the coasl of Sussex, off bulsc> — the only instance in England of the occuiienvc of 
such calcareous deposits of Middle Euctnc age 

t “ Elements of Ocology," p 292 

11 * 
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.iiiotliLr, iiriHluc iiig a \AaiU of agreement in the <3lalc of airing life” 
The homn, rinks, as di vihijied in Kiancc and biiglaiid, %nay be 
taliulated as lollims, in dcseending order . — J 


iliinp-.k til lulls 

Upper 1 oeitiL { 

1'iinl)iiil$;i 1>Lil- 


ItchlIi 


1 

series 1 


{ ^le^l^(■ lie la Tlemur’ 
(ills <1 l 1' Ollt'IIIlL'- 

I) 1 l in 

C alniri siliuciis ur 
(' ill me I uiistie 

Mii)eii ti)psc<iiis 

sLiiCi Ilf Mfjiitiiiir- 


< 1 >.liomc liuls 

I lleailmi lull' 

rpiur Puj^sluit eainl 

! 

Ml.Ulle 1 tieellL ^ t Miilillc 

I I'll ul le 'll nil lieils i slinl 

r 

1 iiwi r I! I ,'1utl !i iln 


1 otter hdieiie 


1 llllilliM I I It 

iKiItt nil Hill Ivi iil-^ 
111 ,' IiliIn III ri I'lK I- 
1 1 n ) 

( llilli iteli liiil-> 

1 li iiiel siniN 


5 (ire' lie I’laiiilinnp 
> mil C ileaire ^r-iriii 
I ppei ‘sallies Mciy- 
1 111 

! l iiw 1 1 S lilies Mii\- 
eiis, I iittei ( il- 
tnie (iiiis'iei,, anil 
' I iliiui null ( inisMeii 

1 1 Us ciii|Uillieiis 

il iiiiiiiiie Mii>iime 

W iiitiii" 

( An il riiis|ii|iie 
*( (ll•lllll>llle Jiileiieiiru 

Sillies InrellellHs 


TheWoolttuh and Readnilj l>eds, oi the riastu ( laj of older 
writers, cijiisists of tNleiisite lieds of sand with ULeasiunal liLdii of 
potter's 1 la), which he at the base of tile 'I ertiai) fninialion in hotli 
I' nglaiid and I ranee (leneialH Aarugaled, sometimes gre) oi while, 
It IS emploted .is a potters lailh in the inannfnetiire of delf-ware 

In i'liglaiid the led iiiottled i la) of the A\ onlvt ic h anil Reading 
IS^ds in Hflmpslure and the Isle of A\ighl is ollen seen in eon- 
I n t with the i halk , but in the soiilli taste in iiart of the'london 
bi‘in Mr iVesttiuh sliotts that the '1 hanet Sand (i onsi^Ung of i 
Dase 111 f'lie, I'ght-e oloiireil sand, iiiiveHl with inoie e>i less argillae eons 
inattei) intirteiies between the t lialk and the tlldhate'ii lieds, oi 
in tiieii allseme e the Woolwie h anel Keailing beds, wine h he below 
the L'liiiloii t la) 'I he 'I hanet Saiiels tie rive theft name from theh 
oeturrenee ui the Isle of 'I'hancl, in Kent, m the eastern part ot 
which I oiimv the\ attain their e'rcatest devt lopment Linder.! amdon 
and Its southern suburbs I'le'l hanet s.tnd is Irom thnteen to leirly-four 
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II ot liliK k, blit il bcLoniLs Ihiimcr m .i u'usUTly iliri.ctiun, and docs 
ni)t o(Viir l)cyond I',.iliny * 

Tlitk Uoobvuh ami Reading beds in the Hampshire basin rest 
immediately on the ( lialk, and scisirate it from the ovLrljing London 
C laj, as Ilia} be seen in the fine cxposiirc ot the Tertiary strata 
ill Alum Ray, at the western extremity of the* Isle of Wight, and 

III Stiidland Iki}, on the western side of the Isle of I’lirbeek, in 
1 torsetshire 

In the 1 ondon basin the Woolwuh and Reading beds also rest 
on the Chalk, where the TliAiiel bands are absent, as is the ease, for 
the most part, o\er the area west of hailing anil Leatherhiad 

'I he beds in tjueslion aie \er} variable iii iharaetei, but ma) be 
generally described as irregular alternations of da} sand sands -the 
lormer mostly red, mottled with while, anti from llieir plastie nature 
.iiitablc for the piiipo'jes of the jiotter, the latter also of vinous 
inloiirs, but somctinies puie white, and sometimes eontaming pebbles 
of Hint 

'1 he Woolwuh ami Reading beds are ealled after the loeahties 
of the same names , the} are fifty Icet ihitk at A\oolwidi, ami from 
sivl} to seienty Icet at Keaehng 

'I'he Oldhaton beds (so termed by Mr W Whitaker horn 
their deve‘lo]imcnl at the plate of the same name in Kent) ate a 
liiial (U posit, oieiirring beneath the 1 ondon C lay on the south side 
of the I.oiiduii basin, ‘fiom Croy don eastw aril, at the most eastern part 
of .Surrey, and through Kent m the north-western toimr of whidi 
I ilnnty they form some i uiniuratiiely broad tracts '1 he bedsioii- 
•-ist of roimded thiil pebbles, in a filie sandy base, or of fine light- 
tolmired sand, .ind .ire from e*ight}*to nimty feet thiik under London 

'1 he 1 . ondon Clay, whult lias a breadth of twenty miles or more 
iboiit T,omlon, lonsists of tcnaeioiis brown ami bluish-grey elay, with 
l.neis of the nodular lomretions, ealled bepl.ina, whidi are well 
know'll on the I'ssex ami ilam])shirc toasts, where they are collected 
lor makjng Koniaii tement 'Lhe T ondon tlay has .i masimuni 
thickness of nearly 500 feet The fossils of the T emdoii (.lav are of 
marine genera, ami very plentiful in some dislnets 'l.iktii alto- 
itetlier thev stem to indiiate a modi rate, rather than a liupual 
climate, although the Mora is, as far as can be jiiilged, certainly 
tu)pic.al in its airuiities t 'I'ho number of sjieiies of exliml 'rurllcs 
cTlitaincd from the Isle of Sheppey alone, is stated by I’rof Agassi/ 

* i‘ Mmiii r of the (ii.i>l(igieil Sumy of (■re'it liritain '1 he Geology of 
Miclillescx, &L hy \V Whitikii, p 0 

t I’reslwieh, (i««w/ Sin , nil \ , 1> 44S 
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to c\( Ci’d that of all the spcues t)f C'lielone now known ta* exist 
tliruiii'hoiit the slobe Abo\e this great bed lie the lirai IViediam 
and Kigsliot beds, wim h consist of liglit-yellow sand with Jiji inter- 
mediate Ia\er of ilaik green and brown clay, over whfcli he the 
Barton Clay (m the Flainjisliire basin) and the white Ujiper Bjigshot 
bands, Inch are surreeded by the Miu lo-inarinc series roinjirising 
the lieadon, Menibridge, and IIeni]istcsul senes, and lonsisting of 
limestones, clajs, and marls, of marine, brackish, and fresh-water 
origin ' hor fuller atcounts of the Tertiary strata of Kngland, tlx* 
reader is retomniended to the nunierous e\t client memoirs of Mr 
I’restnuh, to the memoir ‘ (.Jn the Tertiary l*'hi\io marine horma- 
t ions of the Isle of 'W ight,” bj Professor Isdward Torbes, and to a 
work “On tlie Ceology of the I ondon J’asin, ’ by Mr \V Whitaker 

At the base ui the A/i^/A of hranie is a t ongloincrate 

of chalk and of dners calcareous substanc ct^, in whicli have been 
found at Bas-Mcudon sonic remains of kcptilcs, Turtles, (Crocodiles, 
Mammals, and, more latcK, those ot a large Bird, cvcccding the 
Ostrich in si/e, the Ga^tonu^, which Piofessor Owen classes among 
the wading rather than among aquatii Inrds In the Soissonnais there 
IS found, at the same horizon, a gieat mass of lignite, enclosing some 
shells and bones of the most anc icnt Pat hyderm yet discovered, the 
Coryphodotu which lescmlilcs at once both the Ano[)lotheriiftn and 
the Pig 'Ihe SaMcs liifiriiHn, or Jlracheux Sands, form a marine 
bed of great thickness near Beauvais , they arc principally sands^ but 
include beds of calcifernus clay and banks of shelly sandstone, atid 
are considered to be older thai] the plastic clay and lignite, and to 
correspond with the Phanct Sands of Isngland 'Phey arc rich in 
shells, lilt hiding man) Nummuhtes \t here, in the Depart- 
ment of Aisnc, a fossil skull ol Aft/otyon p/i/uuviis, supposed to be 
related both to the Piear ami to the kmkajoii, and to be the oldest 
know'll I'litiai) Maimiial, was found m a chposit ol this iigc I'his 
slhcs seems to li.iM been loriiud tliielly m Itesh water 

'Phe Cit/iam loiisibtmg of marine limestones ot various 

kiiiils, and with a < oarse, sometimes c ompac t, gram, is suitable for 
mason woik l'lies\. deposits, which form the most c liaraetenstic 

* Dit'iikil '•gelions iif tlu > Imk of ihe Tertiary sir it i of llie Isle of Wight 
have been Lonstyuelcd bv Mr II W ItnsUivv fium actual measUreinent nf IIil 
beds in tliLii rugulsr order of suecvssion, as displaveil at Hempstead, WhitcelifT 
Bay, ColwJl and lolliiurs bays, Ileailuii Hill, and Alum Day 'these sections, 
pubiislKil by ilie (nohigiLal Survey of (Jreil Dntaiii, show the thiekiiess,^ mineral 
chaiaieler, ami organic rein mis rmmil in each slratiiin, and are aeeoni]>aincd by a 
paiiiplilet in cxplaiialioii 
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mcmlVr of the P.ins li.isin, luitiinilly ilividi themscUts into three 
{rroiiijs/of strata, < liaraLlerised, the lirst, hj \iimmnlili\ , the second 
b> Mt\fliles , and the third or upper lieds by CuiUna The beds 
are also sometimes named Nummiilitc limestone, Miliohte limestone, 
and Cerithuim limestone Abo\e tiuse a great mass, generally sandy, 
IS developed It is marine at the base, and there are indirations 
of brackish water m its iipixr jiarts , it is ralleil lleaiichainp Sand- 
stone, or Sables Moyens \Citis Jr /SuiiiifuJHi/') These sands are 
my rieh m shells '1 he ^/uious /imtiforir, oi lowei traverlm, is 
a < omjiart silicious hmostone evtending river a widi' area, .md 
resembles a prer ijatate (rom nnneial wateis '1 he .i^i/jowi forma- 
tion consists of a long senes of marly and argillaceous beils, of 
a greyish, green, or white colour, in the intervals between which a 
thick deiiosit of gviisum, or sulphate of lime, is iiiterr alated This 
gypsum bed is toiiiid Ai its greatest thickness inl-iame at Mont- 
martre and I’antiii near Pans 'I he form.ilion of this gypsum is 
projiably due to the action of tree sulphuric acid upon the c arbonate 
of lime of the fonnation , the siiljihuric ai id itself being produced by 
the transform, ation of the g.-iseons masses of sulphuretted hydrogen 
email atiiig from volcanic vents, into that acid, by the action of air 
and water It was, as vve have already said, in the gyiisum cpiarriis 
ol Montmartre that the iiimitrous liones of Pakeotheriiim and 
Anoplotherium were found It is exclusively a' tins liori/on that we 
tiiid Jlie remains of thc'se animals, which seem to liave been pieeeded 
by' the On \/>/nhfon, axvX allervvaicis by the F o/>JuoJiiii , the order of 
succession in the a|i]iearancc of ll\ese amm.ds is now perfectly 
established It may be added that nunicl Paris the I' oc enc formation, 
from Its lowest beds to the liighesl, is composed of beds of plastic 
clay, of the OJnHn with Us AItlnihliS,A\\(S. Alveo- 

hffi, follow ecj by the gy pseoiis fonnation, the series tcrniinalmg m 
the hontamebleau baiulstone, remarkable lor its tine kness and also 
for Its fine sccdcry, as well as fur its iisctiiliiesb in fnrnisliing 
paving-stone for the ca])ital In Proveiic'e the same senes of rocks 
are cunliniicd, and attain an enormous thickness Tins upper part 
of the Eocene deposit is ciilnely of lariislrine foimalion Gngnon 
has procured from a single s)K}t, wliere they were embedded in a 
calcoircous sand, no less than 400 fossils, chielly foynecl of coin- 
mimited shells, in which, however, were well-preservecl species both 
of marine, terrestrial, and fresh-water shells Of the Pans basin, Sir 
Charles I.yell says “ Nothing is more sinking m this ,issemblagc ol 
fossil te^toeea than the great proportion of species refeiable to the 
genus CcuthuUH Theie occur no less than 137 sjjccies of this genus 
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in the Pans l> ism, .im I .iliiuist all ol lliLin in tlu* Ctiluvu' 

Most of till* Iniiiif Ctuffuti (^ll;s i<;7 ami ifiS) inlialiit llio jca near 
tlu' mmillis of niors, wlien the wains are lirackish, y> tl'at llieir 
ilnindam«. in tlie inarme stnia now under < iinsi«Iiritirin is m liar 
nioni with the lii|inthesis tint the {‘aris hasm forine<i a gnif nun 
whuh se\eral ri\eis tlowid 

To I'lxe the loader soim. id* i of the forniition, Inst «ome tin 
hmestoiKs and lowoi marls, whnh loniiin line ]n;nite orwood-toal 
jirodiued from \e^el ihle inattu Inirudxin moist earih, and i. v luijed 
irom all airess of air, a material whi«h is worked m some juris of 
the south of 1'ram.e as aitiveU as a roal-mine In these lignites 
AuoJon and other fresh-water shells are fouml 

I'rom the luse of Sainte-\ u toire to the other side of Ai\, we 
trace a tongloiner.ile! < harm tensed liy Its led toloui, hut whuh dies 
aw a) in its prolongation westward This eonglomerale contains land- 
snails (//i/zi) of \anoiis si/es, mixesl with fresh-water shells Itpon 
this e onglomeritc, comjirising therein the marls, rests a thu k dejiosif 
of limestone w ith the g) jisiim ot -\i\ and Manost pie', w hu h is he he\ e-d 
to corresijond with that of Piris Some of the beds ire remarkahl) 
ruh m suljihur I’lic cal< arsons marly liinime which accomjuu) 
the gjiisiim of Ai\ contain Insects <f sarious kinds, and hishes re- 
scinlilmg T npIhtlot> s I'lnalh, the whole te I'niinalcsat Afanosciuc 
in a fresh series ol mills ami s.inilstones, altern.iling with beds ol 
limestone with T iiHiMti and f'lt{nofbi\ \l the base of this seru s are 
found three or four beds of lignite more inllammable than icxil, 
W'hii h also giic out a \er} sriliihincnis oil tV'e mav loiin some 
estimate ot the liiiekness of this kist stage, if we add ih it, aboie the 
beds of fusible lignite, we may nrekon sisti others of dry lignite*, 
some of them cajuble of being \er) jnolitably worked il this jurt ol 
Prosenre were provided with more conve*nienL roads 

“The Numniulitie formation, with its c harac lenstu fossils,” says 
Lyelljt *' pliiys a far more conspicuous jurt than any cither Tertiaiy 
groiiji m till' solid framework of the earth s mist, whether in Isuropi*, 
Asia, or Africa It often attains a thickness of many thousand feet, 
and extends from the Aljis to the (’arjiathians, and is m full fon’c in 
the north of \fric a, as, for examjile, in Algeria and Mororc o It lias 
been traced from lsg>pt, where il was largely i|narned of old for the 
building of ilie [’yniiiiuls, into Asia Minor, .md acro,s Persia, by 
Bagdacl, to the mouth ol the Indus It oce'urs not only in CiiU h, 
but in the mountain ranges winch SL*jjarate Srmde from J^ersu, and 


■ " 1 lc!iiicnl!, of Ge-ology,” p 3cx> 


t lIjiJ , p 305 
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w iiit ii Tpriu tlic [jjsscs kj(liii<' (o Cabdl, iiul il linshicn rfi]1c)\\ul 
still iiirVur (..istnard intu Imlia. <is iji ,is uistt^rn lloll^^ll .ind tlie 
ltniilicrs|of C liiiiJ 

WliennL' luncuiiLi. arnvcil <it the < inu liisiun,” In uhls, ilut 
till Niinimulitu tormalKin ot i ii|iii.s .1 niiddU* jil.in iii ihi I'luono 
siiu's, we .iri‘ si rill k with the 1 nmpantiM.!} iiuidirii il.iti in whiih 
siiiiu ot the ({n atisl •'i MihUmns m llu |ih\sii il n^raph) ol i timpe, 
\si.i and northern \rrii .1 tnnst In rel<.ii<il Ml tin nninnl iin 1 h iins, 
silt h as the Alps, 1 ') rentes^ Carpathians, .iiirl llimalavas, into tlu 
I (imposition ol whose central and lottiest jiaitsthe Xiinnniihtii strata 
inter hodiU, could have had no e-xisleiic e till alter the Middle 
Knteiu period’’ 

The /toe CMC strata Sir And Ramsay thinks, cstetided in then 
tkiv tmuh fmUui wi'st, “becaiise,” he says, “hire, at the estreme 
ed^m of the chalk escari«ieiits, jon find outljing liaements ol them,” 
from which he argues that the} were origmallj deposited all over the 
Chalk as far as these iioinls, hut lieitig tormed ol solt stiata the) 
wLie “denuded” backwards 

The iteloplei i lepre seated in I ig 1915 aie (iiiions IJelcmnitc-like 
ori'aii'sms o((uiimg in 'lertuii) strata, and i\identl) the mtirnnl 
bone ol a Ce|ihilnp(xl, hating a wing-hke inoiicTum or jirocess on 
h sicle Asa gviiiis it holds a plue nileiiiiediUe between the 
Cuttle lish and the Jieleiiiinte 




THE MIOCENE PERIOD 

i| 

Tfie Minrcnc rormation is not present in Knginnd , unkss vte 
suppose tliat It is represented by certain sands found in a. caMt> in 
the clinlk downs abo\c Lenhani, in Kent 

It IS on the Puropean continent that we find the most striking 
characteristics of the Miocene period. In the British Isles trates of 
It were at one tune considered common In the Island of Mull* and 
at Antrim, beds of shale interstratined with basalt and volcanu ash, 
witli bands of imperfec t toal at Bo\ey Tracey, were described as of 
Miocene date, but they arc now considered of IHoccnc age The vege 
tation which distinguished the period is a ini\ture of the vegetable 
forms peculiar to the burning climate of tropical Africa, with snth 
as now grow in temperate Isurope, such as Palms, Bamboos, various 
kinds of laurels, ('oiiibietacx ( rcriiim.ili.'t), with the grand 
I cguniinales of warm (oiintnes {Phaieo/iUs, hrythnna^ Baufnma, 
iMimoutes, Ataati) , Apocyne.e analogous to the genera of our t^o|^ 
iral regions , a Ruhiaua altogether tropical (iS/i/z/Z/ciw/ir), mingled 
witli some Majjles, Walnul-lrtes, Beeches, hlins, (laks, and A\jih- 
clms, genera now confined to tem|ieratc and even cold countries 
Besides these, there were, during the Miocene period, mosses, 
mushrooms, charas, fig-trees, jilane-trees, pojilars, and evergreens 
“ During the second period of the Tertiary epoch,” says I.eco(], 
“ the Alga: and marine Monocotyledons were less abundant than in 
the precedrng age , the Ferns also diminished, the mass of Conifers 
were reduced, and the Palms multiplied m species ” Some of those 
cited in the iireccding period seem still to belong to this, and the 
magnificent F/aMlana, with the fine Pha'tnutes, w^iich we see now 
for the first time, gave animation to the landscaj^ic Among the 
Conifers some new genera apixiar, among them we distinguish 
Podocatpus,' a southern form of \cgetation of the present .age 
Almost all die arborescent families have their representatives in the 


HiilvL fif Arg)!!, Quirttrly Jonntal of Giol Soc , vol \ii , p 8q 
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forests of tins period, where for the first time types so different aie 
iiniteiy The waters arc covered with iVyiu/>hua AnHuiua (drong- 
mart)\and with Mynof>hyHiUs lapiUiJolnn (Unyer), Cu/mites a/u- 
Mti/is ( Hrd^rniart) , an«l C GuppetU fMuiister), spim^ up m profusion 
upon.thciT banks, and the grand liamhHsiml,\ iepulUitui tliruns the 
shadow of its Jong articulated stem across ilieni Some analogous 
siiccics occupy the hanks of the great rivers of the New Worlil, 
one Lfmbelhfer is even induated, by Unger, in the VnnpinihUs 
ttzundisi, 

I'rom this period date ‘some beds of lignite resulting from the 
ai cumulation, for ages, of all these diflerent trees It seems that 
arborescent vegetation had then attained its aiiugee Some SmiiaciUs 
interlaced like the wild vines with these grand plants, winch fell on 
the ground where they grew, from decay , some parts of the earth, 
even now, exhibit thesv grand scenes of vegetation 'i’hey have been 
described by travellers who have Iraverseil the Iroincal regions, where 
Nature often displays the utmost luxury, under the screen ol ( louds 
which docs not allow the rays of the sun to reach tlie earth M 
1 )’C)rbigny < ites an interesting instanc c w'liic h is nuit h to the point 
“I have reached a .cone,” he says (si>caking of Rio CMiajiiira in Soiilli 
Aineric a), “ where it rains regularly all the year round \Vc can 
scarcely perceive tlierajs of the sun, at intciv ils, through the screen 
of clouils which almost constantly veils it 'I'liis iirciiiiistani e, added 
to the lieu, gives an extraordinary devclopiiunl to the \igcl.itioii 
The wild vines fall on all sides, in garlands, liom the loftiest branches 
of trees whose summits are lost in the clouds ” 

The fiissil species of this pen(Ml,’io a c onsulerable extent, begin to 
resemble those whi' li enrich our landscapes Alrcad) tio]>ii al plants 
are associated with the vegetables of temperate climates , but thej 
arc not yet the same as existing s|)ccics Oaks grow side by side 
with I’alms, birches with Hainboos, Kliiis with T,aurels, Maples art 
united to the Combretacea:, to the IjCguniinos.'**, and to the tropical 
Rubiac e.e 'rhe forms of the species belonging to temperate climates 
are rather American than European 

The luxuriance and diversity of the Miocene floia have been 
employed by a Swiss savant in identifying and (tassii)iiig tlie 
Middle Tertiary or Miocene strata of Switrerland W'e are indebted 
,to Professor Hcer, of Zurich, for the restoration of ijiore than 900 
species of plants, which he classified and illiistratcd'in his “ Flora 
Terliaria Ilelvctisa” In ouler to appiecialc the 'value of the 
learned Professor's undertaking, it is only necessary to remark that, 
where Cuvier had to study the position and character of a bone, the 
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tmt.inist li 111 to stiul\ tlic outlnii*, lun.ition, anil mu rosropii* .stnic- 
turc i)l a k if lako the ■'loat ^'lcMllh naturalist, he had to tolstriul 
a nen '•liouh. at llic \L‘r\ mit"?et ot his ttreat work f 

I he .Miocene fimnaiLOiis of bwit/crlaml are i ailed J/(>Vrfiw’ (from 

the I lenih mol, soft), a term 



uhiih Is ap])Iied to a ^oft, 
im oheiciit. gieenish saiul- 
stone, oil iip) iii}{ the iniinliy 
hiitwLcn the Alps and tht 
Jura, and they may he di\uleil 
into lower, middle, and upper 
Miorcne , the middle one is 
maiine, tin other two bcinff 
fresh-walcr fimnations 'I'he 
upper 'iresh-water ^^oInsse is 
he St Seen at (haunycn, in the 
Rhine \ alley, where, according, 
to Sir Rodciii k Miirclusoii, it 
ranges ten miles cabt and wlsI 
fium Ikrlmgcn, on the right 
hank, to Waiigcn and to 
(hningen, •near Stein, on the 
left hank Jn this formation 
Professor llccr enuiiicpitcs 
twenty one heils No i,',i 
bluish grey niiirl se\ cn feel 
thick, without oiganu remiuns, 
lesting on No 2, limestone, 
with fossil iilants. inrluding 
leases of poplar iinnamon, 
and pond-weed (^I'olamogthm') 
No hitiiihmous rork, with 
astodon angustidem ‘No 5, 
two or ihiec mi hes tlpck, coii- 
taiiimg fossil I'lshcs No ij, 
tlie stone m which the skeleton 


Fig 158 —Aminas SchcULh/cri 


of the great Salamander 
And/ tils Sc/it i/f/icf/ 1 (Vig TsSX 


w as found Below this, other 
strata with l''ishes, 'I'ortoises, the great Stdamandcr, as before, with 


fresh-water Mussels, and plants. In No 16, Sir R MuVchison 
obtained the fossil fox of CLmngcn, Galacynus CLiutigenui (Owen) 
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In llw'ji' heel'? Professor IlL-er had, as t.iily as 1876, determined «joo 
spci K-k of fossil plants, and 1,300 insci is 

Tl'e plants of the ICuropean Mioccni. age have been obtained from 
regions not onc-fitlh the size of Switzerland, ytt sueh an abundance 
of sjiecies, which I leer reckons at 3,000, docs not L\ist in anj area 
of eipial o\tent in Europe It e\rceds in \ariit}, he (onsidcr*!, 
after making every allowance for all not having existed at the same 
tune, and from other considerations, the Soiitiurn Xineruan forests, 
anil rivals such tropiial lountncs as Jamaica and lir.izil EuropLan 
plants occupy a secondary place, while the evergreen Oaks, Maples, 
Poplars, and Plane-trees, Robinias and Taxodiums of z\nierica and 
the smaller Atlantic islands, occupy sue h an important place in the 
fossil flora that Unger was induct to suggest the hypothesis that, in 
the Miocene period, the jircsent basin of the Atlantic was dry land — 
and this hypothesis hifk been ably advocated by Hecr 

The terrestrial animals which lived in the Miocene period were 
Mammals, birds, and Rqitilcs Many new Mammals had appeared 
since the pieceding period, among others. Apes, ('hiroptera 
(Bats), Carnivora, Marsupials, Rodents, Dogs Among the first 
we find yv//<c//j and Ahsopithuu^ , the Bats, Dogs, and 

C'oati inhabited Brazil and (hiiana, the Rats North America , the 
(lenettes, the Marmots, the bqiiuTcls, and Oiiossiuns having some 
.'iflinity to the ()])ossums of Amenta 'I brushes, Sparrows, Storks, 
•Hammgoes, and Crows, rc'ijresont the class Birds zXmong the Rep- 
tiles appear several Snakes, Frogs, and b.alaiiianders 'Ihe lakes 
and rivers were inhabited by Pen lies and Shall But it is among the 
Mamiiialb that we must seek for the most interesting species of 
animals of this period They arc Iwth numerous and remarkable 
for their diiiiciisions and pcnilianties of foiiii , but the species winch 
ajipcared m the, Miocene pcnoel, as in those* whitli pieceded it, are 
now only known bv their fossil remains and ho.ics 

'I'lie Dinotliei lum (l'’ig 159), one of the iiuisl remarkable of these 
amnial‘1, is the largest teirestrial M.immal wliieh has ever lived 
For a long time vve possessed only very impcrfett portions of the 
skeleton of this animal, upon the cvitlence 01 whuh Cuvier was 
induced erroneously to place it among the M’apirs 'l,he discovery oi 
• a lower jaw, nearly perfect, armed with defensive tiuiks descencling 
from Its lower jaw, elemonstratexl that this hitherto mysterious animal 
was the tjrjie of an altogether new and singular genus Nevertheless, 
as It was known that there were some animals of the ancient world in 
which both jaws were armed, it was thought for some time that such 
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Wiis the {nsenitli the Dinothcriiiiii lint in 1836, a head, nearly 
entire, nas tniinil in the .ilreaily < ekbrated lieds at i' ppekhcim] in the 
(irand Diiclij of Hesse Darmstadt fn 1837 tins lino ir.i^nni it was 
tarried to I’aiis, and tsposed to ]nibli< \iew It was nearly a yard 
and a half long, and aho\ e a janl wule 'I he defeni es, it was found, 
were tiiormoiis, and were tarried at the anttnor evtremity of the 



lower maxillary bone, and miu h rimed imvards, as 111 the* Walrus. 
'J'he molar teeth were m inanj respects analogous to those of the 
Tapir, and the great suborbital apertures, joined to the fomi of the 
nasal bone, rendered the existent e of a probost is or trunk very pro- 
bable lint the most remarkable bone belonging -to the Dinothe- 
niim which h£\s yet been found is an omoplate or scapula, which by 
Its form reminds us of that of the Mole 

'fhis colossus of the ancient worlil, respecting which there has 
been so much argument, somewhat a]ipru.iches the Mastodon , it 
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seeni^ to announce the appcaranc c of the l<.lc]>hant , but its dimen- 
sions were inrinitely greater than those of existing Klephants, and 
supcno\ even to tliose of the Mastodon and of the Mammoth, both 
fossil Islcphants, the remains of whieh we shall have to describe 
presently 

I'-roni Its kind of life, and its frugal regimen, this Pachyderm 
scarcely merited the fonmdablc name ot 1 iinollicrmrn Mhuh has been 
bestowed on it by naturalists (fioin Sttydt, ternblCf Ofipiuy^ ti/miiu/) 
Its si^e Mas, no doubt, fngh^lul enough, but its habits seem to have 
been peaceful Tt is supjioscd to have inhabited Iresh-Matci lakes, 
or the mouths of great rivers and the inarslits bordering tlicir banks 
by preference. Herbivorous, like the Kleiihant, it cmplo>c.d its 



iMj; >&j — 'Icxlh of M L-.ludou 


proboscis probably in sci/mg the pl.inls which hung suspended over 
the waters, or tioaled on their suifac e \\ e know that the ete])hants 
are very iiarlul to the roots of horlsic eons plants which grow in 
flooded plains The J Jinothcrunn a]>])i.ars to liave bciii organised to 
satisfy (he sailie tastes. By means of the jionerful mattock which 
Nature li.id sup]jli(/d him with for penetrating the soil, he would be 
.ible to tg.ir from the bed of iiver or hike feiiilonl loots like those of 
the Nymphm.'i, or even much harder ones, for which the mode ol 
articulatichi of the' jaws, and the powerful iniisc les intended to move 
them, as well .is the large siirf.iee ol the teeth, so well ealcukited for 
grinding, were evidently intended 

» 

The Mastodon was, to all appearance, very nearly of the size and 
form of our Elephant — his body, however, being somewhat longer, 
while hifi limbs, on the contrary, were a little thicker He hail 
tusks, and very probably a trunk, and is ehielly distinguished from the 



342 


ruh woRin nhhORF ini- npnrc.p 


existing KIcpli.int by thu form of Iiis uioLir tcolli, whuli form thu''most 
di*>tiii(,ti\c chiiratUr in In'! organisition These teeth ^ire, nearly 
rectaiigiiLir, and present on the surHiee of their trown gieat j,eonieaI 
tiibeiosities, s\ith rounded points disposed in pairs to the’ number of 
foiirorfne, aieoriling to the specie’s 'I heir fcnii is sery distinet, 
and inav be easily i e< ogiiiswl They do not bear any resemblanc e 
to those' of the I arnnora, but are like those of herbivorous animals, 
and partu Iliad) those of the llip|>opotanius 'I'he molar teeth arc 
at first sliarp and pointeil, but when the eonieal ]iunils are ground 
down mastieatiun, they assume tlie appearance presented in 
hi i6i When, from eonliiuied grinding, the eonual tcat-like points 

are more deeply worn, they hegm to 
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assume the ajipearanee shown in 
Fig 160 In I'lg 162 we represent 
the head and lower jaw of the 
Miocene Mastodon, from whuh it 
will appear that the animal had two 
projeetnig tusks in the lower jaw', 
corre’spomling with two of imieli 
largcT dimensions whuh projected 
from the uinier jaw 

It w'as onl) .tow’ards the ‘middle 
of the last c entury that the Mastodon 
first allracttil attention m ICnnipe 
'\bout the year 1705, it is 'tme, 


some bones of this animal had bee'ii 


found at Albany, now the lapltal of New York, but the discovery 
attracted little attention In 1739, a I'reneh olhier, M de l.ongueil, 
traversed the virgin forests bordermg the river Ohio, in order to reach 
the great river Mississijipi, and the savages who escorted him acci- 
dentally discovered on llie borders of a in.irsli varinus bones, some of 
which seemed to be those of unknown anim.ils In this turfy marsh, 
which was designated the Jiig Bone or Salt Lick, 111 conseciuencc 
of the many stresams charged with salt winch lose themselves in it, 
herds of wild ruminants still seek its banks, attracted by the salt, 
for which they have a great fondness , sue h being the reason probably 
which had caused the acc uuiulation, at this jioiiit, of the remains ol 
so large a nuiliber of cjuadrujieds belonging to these remote ages in 
the history of the globe M dc Ixingueil c arriecl scirae of these bones 
with him, alid, on his return to France, he presented them to 
Daubenton and Buflbn , they consisted of a femur, one extremity of 
a tusk, and three molar teeth I >aiibenton, aftei mature examination, 
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(k’darLcl tliL Uclh Ici In. iIkisl of a TIii>])o]]otainiis , llic lusk and the 
Higaiily femur, accurdiii^r to liis reiKirt, helonjicd to an Mephant , so 
lliat tl'cy were not even f onsHlcre<l to be pails of one and tin same 
animal fluATon did not share this opinion, and he was not long in 
loiiviyrlmg Daiibenton, as well as other I'rcnrh natiirnhsts, to his 
MOWS JjiiiTon declared lliat the bones belonged to an lUe]ihant, 
whose race had lived only in the primitive ages of the globe It w.is 
then, onl>, that the fundamental notion of estinct species of anunols, 
oM liisu eiy pee iiliar to ^ 

itiuent ages of the A 

world, began to be 
inlertained for the 
lirst tunc by naturalists 
-a notion whieh laid 
‘ dornitSiit during nearly » 
a lenturj, before it 
bore the admirable 
fruits which have 
since SO cniiched tlic 
mturnl sricn< cs and 
philosn])liy. 

Ihtflon gave ^Iie 
fossil the name of the 



AiuhmI 0 ! Jilcphan! of v 

tflc'Ohio, but he de- 

*eivcd hunsclf as to 

its si/c, believing it to ” '' 

be from si\ to eight 

tunes the si/e oi our Iir iru— TI(.ianriheMistoilc>ni<rt1ii Miii(.c.ni.|>crioil 
e Mstmg 1 ' leiihant , an 
estmiale which h<: was 

lid to make by an erroneous notion with regml to the number of 
the h Icipliant's teeth The' .itumal of flu 0/uo had onI\ lour nieilars, 
wluie IluHon imagined that it might have as many as sixteen, eon- 
fuiiiiding the geinis, or supplemeiilarv teeth, which i \isi m the )oiing 
animal, with the ]iennaiunl teeth of the adult individual In reality, 
however, the Mastoelon was not niiuh kirger than the existing specie's 
of African klephanl ’ 

'JTie eliseovei} of this animal had ]>rodueed a gicat impression in 
I'uropc licroming masters ol Canada by tlie peaee' ol 17 O 3 , the 
I'liglish sought eagerly for more of these preeious remains T'ln* 
geogra]>her Cioghan traversed ane'w the region of the IJig none lack, 
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pointed out bj f')<. Loncciicil, and found there some bones of the shme 
nature In 1767 he fonvaRlcd many cases to London, addrt'ssing 

f 



them to <li\ers naturalists Colhnson, among others, the friend and 
cotTcspondLiit of I'Vanklin, who had his share in this consignment, 
took tlie opportunity of sending .1 molar tooth to lluflon 


V 

V 
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Tt' was not, however, till 1801 that the remains of the perfect 
slceletoiji were (liscovered An American naturalist, named I’eale, was 
fortunate enough to get together two nearly cum])lete skeletons ol 
this ini])Ortant animal Having been aj^priseil that many large bones 
liad been found in the marly clay on the banks of the Hudson, near 
Newburgh, m the State of New York, Mr. 1 ‘eale proceeded to tliat 



■ 

loiality In the spring of 1801 a « onsiderable jiart of one skeleton 
was found bv the firmer who had tliig it out of the ground, but, 
unlortiinately, it was much mutilated by his awkwardness, and by the 
inrecipitancy ef tlie workmen Ha\mg jniri based those fragments, 
Mr i’eale sent them on to Philadelphia 

In a marsh, situated fi\e leagues west of the Hudson, the same 
gentleman diseoveied si\ months after, a seioiul skeleton ol the 
Mastodon, (onsistmg of a iierfeit jaw and a great number ol bones. 
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With tlic lioncs thus collcrtcd, the natiinlist managed to construrt 
two ne.iily complelc skeletons One of these still remain*^ m the 
Museum of Fhilatlelphid , the other was sent to l/)ndon, where it 
was eshihitcd puhluly 

I )i«ic overies nearly analogous to tlicse followeil, the most riinoiis 
of wlm.li was nmle in this manner by Dr barton, a Professor of the 
lhii\ Lrsity of I’ennsy Is am.i At a tlepth of siv feet in the ground, and 
under a great bank of chalk, bones of the Mastodon were found 

suflicicnt to form a 
skeleton One of the 
teeth found weighed 
about ses'eiiteen iiounds 
(Fig 165) , but the cir- 
eunistance whieh made 
* this disc overy the more 
remarkable was, that in 
the middle of the bones, 
and enveloped m a kinil 
of sac which w'as pro- 
bably the stomach ot 
the animal, a mass of 
vegetable mattfer was 
discovered, partly 
bruised, and composed 
of small leaves aiyl 
branches, among whic h 
a spcsiies of rush has 
been recognised which is yet common Virginia We cannot 
doubt that these were the undigested remains of tlie focxl, which 
the animal had browsed on just before its death 

'I'lie aboriginal natives of North Aiiieru.i callcil the Mastodon 
the fitUicr oj the o\ A Freiic h officer named I'aliri wrote thus to 
buflon in 17 The n.ilives of (’anacla and boiiisiaiia, w'liere these 
remains are .ibiindaiit, speak of the Mastodon as a fantastic creature 
which mingles m all their traditmus and in their ancient national 
songs Here is one of these songs, which Fabri heard m Canada 
“ \\ hen the great Mamtou clesc endetl to the earth, in order to satisfy 
himself that the creatures he had created were hajipy, he interrogatecl 
all the animals '] he bison replied that he woulcl be <|iiite c ontentccl 
with his fate in tlie grassy meadows, where the grass reacdicd his 
belly, if he were not also eomiiellt^cl to keep his eyes coYistantly 
turned towards the mountains to catch the first sight of the father cV 
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oxen, as he descended, with fury, to devour him and his com- 
panions ” Many of the other tribes repeat similar legends 

'J'hc Cheyenne Indians liavc a tradition that these great animals 
lived in former times, conjointly with a race of men whose si/e was 
]>roi)Ortionatc to their own, but that the Great lieui^ destroyed both 
1)y reijeatcd strokes of lus terrible thunderbolts 

The native Indians of Virginia had another legend As these 
gigantic Elephants destroyed all other animals sjici lally c realcd to 
supply the wants of the Indians, God, the ihunderer, destroyed them, 
a single one only succeeded in escaping It was “ the great male, 
which presented its head to the thunderbolts and shook them off as 
they fell , but being at length wounded in the side, he took to flight 
towards the great lakes, where he remains hidden to this day " All 
these simple fictions prove, at least, that tlie Mastodon has lived 
upon the earth at some not very distant period We shall see, in 
fart, that it was contemporaneous with the Maininolh, which, it is now 
supposed, may have been i o-c\istent with the earlier races of man* 
kind, or only preceded a little the appearance of man 

Buffon, as we have said, gave to this great fossil animal the name 
of the IClephnnt of the Ohio , it has also been called the Mastodon 
Ohtotuus In ICngland it was received with astonishment Ur 
Hunter showed clearly enough, from the thigh-bone and the teeth, 
that It was no Elejihant , but having heard of the csistcncc of the 
Siberian iiiammutli, he at oiiic came to the conclusion lli.il they 
■were bones of that auiiiial He then dc'clared the teeth to be carni- 
vorous, and the idea ot a tarmvorous elephant became one of the 
\\uiiders of the day C'uvier at unca: dissipated the clouds of doubt 
which surroiimled the subject, pointing out the ostec)logic.il differences 
between the several species, and giving to the Ameriran animal the 
appropriate name of Mastodon ifroiii fiairroe, a teat, and vvovi, a 
tooth), or teat-liljjb-tcKithed aniiiial 

Many bones of the Mastodon have been round in • Amcric a sme c 
that {ime, but remains are rarely met ivitli in Eiirc>]>e, esiept as 
fragments as the poition of a jaw-bone disioveied in tlie Red 
Crag near Norwich, which Sir Richard Owen named Afintodon 
angusfidens It was even thought, for .i long lime, witli Cuvier, that 
the Mastodon belonged esclusivcly to the New World , but the dis- 
* covery of many of the bones mixed with those ot the Mammoth 
{Elephas primtgenius) dispelled that opinion How^;\er, while the 
four lilurojienn and three Indian sjiecios date from the Miocene age, 
the American forms are c onlined to a later formation 

The form of the teeth of the Mastodon shcjws that it fed, like the 
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Klcpliant, on the roots and siiLoulent i)aits of vegetables , and this is 
confirmed by the curious disLOvciy made in America by Barton 

JJut if the Mastodon was absent from Amcru a during tli^e Miocene 
Age, Its place was amjily filled by the huge Jhontotherijee, camels, 
lions, rhinoceri, three-toed horses, and othei beasts disinterred from 
the Western beds 

'I’here arc some curious historicsil facts m ( onncction with the 
remains of the Mastodon which ought nut to be jiassed over m 
sdence Un the iith of Januar), t6i{, *he workmen m a sand-pit 
situated near the Castle of Chaumont, in Dauphine, between tiie 
cities of Munlricuurt and Saint Antoine, on the left bank of the 
Rhone, found some bones, many of which were broken uji by them. 
These bones belonged to some great fossil Mammal, but the c\ist- 
cnce of such animals was at that time wholly unknown Informed of 
the discovery, a (oiuitr} surgeon named M.'t/U}cr purchased the 
bones, and gave out that he had himself disc uvered them in a tomb, 
thirty feet long by fifteen broad, built of bricks, upon which he foupd 
the inscription TeI'Ioiiocuus Rpx He adcled that, m the same 
tomb, be found Haifa hundred medals bearing the effigy of Manus 
This Tcutobochus was a barbarian king who invadecl Caul at the 
head of the Cimbii, and wlio w.as vaiK|iiished near Ji/nte At vZ/tc (Aix 
in Provence*) by Marius, who earned him to Rome to grace Ins 
Iriumplial procession in the notice which he jiiiblished m cunfirnia- 
tiun of this story, Ma/iiyer reminded the ]>iiblic that, according, to 
the testimony of Koman .uithors, the head of the'leiilcm king e\ ■ 
< eeelcd in dimensiifiis all tlic trophies borne upon the lances m the 
triiim]ih 'I he skeleton which he exhibited was fivL-and tw'cnly feel 
m length and ten liroad 

Ma/tiycr showed the skeleton of the pretended Ti*utobc)clnis 
in all the cities of I'rancc and (lemiaii), and also to Roms XIII, 
who took great interest in < cnitempkiting tins niar^'l It gave rise 
to a long controversy, or rathei an intcninnablc dispute, in which llio 
anatomiit Kiulaii distinguished liiinself— arguing against liable ot, a 
physician, whose name is all but forgotten Riolan attemjjted to 
lirove that the bones of the pretended king were those of an 
I'.lepbant Nimie-rcjiis pamphlets were esc baiigeilby the two adver- 
saries, in support of their respective opinions We le.irn also from 
(jassendi, that.i Jesuit of Ttiumon, named Jaecpies '1 issot, was the 
author of tlie notice jiublished b> Mazu)er. (kissendi also proves 
that the jcreteiicled medals of Manus were forgeries, on the ground 
that they hole t'lOlhic characters. It seems v ery strange that these 
bones, which are still preserved in the cases of the Museum o'* Natural 
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>Jisft)ry in Pant, where .mylxxly may sec them, slioiild ever have 
been mistaken, for a sinEfle moment, for luimin remains 'File 
skeletun of Tculobothus remamcil at TJnrde'aus till 1832, when it 



Fig. 166,— Skeleton ol Mcwimhenis. 
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was sent to the Museniin of Natural History in Pans, where M de 
Blainvilte declared that it belonged to a Mastodon 

'Fhe Apes made their appearance at this penod. In the ossiferous 
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bccK of S.ins.ni Kirtet ili^t overctl the Di yopitliecit^, nb well as 
Pit/iiiU\ blit oiilv in imiierfert fniginents M. Albert 

Giiiulr) was more fortunate in the Nfioc ene rocks of I’lkermi, in 
Greei o, he discovered the entire skeleton of Afisopit/ifitmwXwt^ we 
present here (Imj' together with the same animal restored 

(I'lg 167) In its general organisation it resembles the dog-faced 
baboon or ape, a piece of inibrmation which has guided the artist 
in the restorition of the iniinal 


The seas of the Mioieno peiiod were inhabited by great numbers 
of beings altogether unknown in e.trlier formations , we may mention 
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no less than ninety marine genera which appear 6erc for the first 
time, and some of ivhich have lived down to our e] o^h Among 
these, the molluscous Gastcrn|)ods sat has Conus, Turbinella, RaneUa, 
Murev (Fig 169), and Dolium arc the most abundant, with man) 
I aunellibranchiata 

'I'hc t'oraminifera are also rci»resented by new' genera, among 
which are the BolivuiOy Polystonulla, and Dentntina. 

hinally, the Crustaceans include the geneni Pagurus (the 
Hermit crabs) , Astaius (the lobster) , and PorUmus (the paddling 
crabs). Of the first, it is doubtful if any fossil species have been 
found, of the last, species have been discovered bearing some 
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resemblance to Fodophthabnus vtgtl (I'lg 171), as P De/ranat, 
which only differs from it in the absence of the sharp spines which 
terminate the lateral angles of the carapace in the former, si hile Por- 
htnus leucodon (Desmarest) bears some analogy to Liipea (Fig 172) 

An ideal landscajie of the Mioienc period, wIiilIi is giicii 
on the 0]ipositc page (Plaii- XXIV). represents the I )ini)lhLriiini 
lying in the marshy grass, the Rhinoc eros, the Mastodon and an Ajre 



of great si/e, the Diyopttluats, hanging from the branches of a tree 
The products of the vegetable kingdom are, for the greater part, 
analogous to those of the present tune They are remarkable for their 
abundance, and for their graceful and serried vegetation, and still 
remind us in some resjiects, of the vegetation of the Carbomterous 
Qenod. It is, in fact, a continuation of the c haracterfstics of that 
period, and fivm the same cause, namely, the submersion of land 
under marshy waters, which has given birth to a sort of coal u Inch is 
often found m the Miocene formation, and which we call lignite 
^This imperfect coal does not quite resemble that of the Larbo- 

la 
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niferoiis, or true Coal-measure penoil, because it is of mucA more 
recent date, and because it hxs not been subjected to the same 
internal heat, accomjjanied by the same jircssure of sujierincumbent 
strata, which proiluced the older loal-beils of the Primary epoch 

The ltgnite\y uhicli \\c find in the Miocene, as m the. Kocene , 
period, constitute, honever, a combustible which is worked and 
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utilised in many countries, especially in Germany, where jt is made • 
in many jilaies to serve in jilace of coal. These beds sometimes 
attain a thickness of above tw'enty yards, but in the environs of Pans 
they form beds of a few inches only, which alternate with clays and 
s.inds Wc cannot doubt that lignites, like true coal, are the remains 
of the buried forests of an ancient world , in fai t, the substance ot 
the wckmIs* of our forests, ollen in a state jierfectly recognisable, is 
frequently found in the lignite beds , and the studies of modern 
botanists have demonstrated, that the species of which the lignites 
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formed, belong to a vegetation closely resembling that of Europe 
in the present day 

Another very curious substance is found with the lignite -yellow 
amber. It is \he mineralised resin, which flowed from certain extini t 
pine trees of the 'J'ertiary epoch, the waves of the llaltic bca washing 
the amber out of the deposits of sand and clay in which it lies 
buried, this substance, being very little heavier than water, is thrown 
■on the shore For ages the Baltic coast has supplied commerce 
mill amber. 'I'he Fhoenuiai^s a»:ended its lianks to collect this 
bLcUitiful fossil resin, which is now chiefly found between I)ant/i< 
.iiul Memcl, where it is a government monopoly in the hands of 
contractors, who are protected by a law making it theft to gather or 
corneal it 

Amber, while it has lost none of its former commercial value, 
IS, besides, of much pakcuntolugical interest, fossil insects, and 
other extraneous bodies, are often found enclosed in the nodules, 
wliere they have been preserved in all their original colouring and 
integrity of form As Pope says— 

** Pretty in amber to utiservc the forms 
Of hairs, or straws, or dirl, nr grubs, or worms 
, 'Hie things, we know, art neitlier rich nor ran, 

Hut womUr how the devil they got llierc '* 

The natural antiseptic qualities of the amber combined with exclusion 
of air, , have embalmed them, and thus transmitted to our times 
the smaller beings and the must dchcat^ organisms of earlier ages. 

The Miocene rocks, of marine ongin, arc very imperfectly repre- 
sented 111 the Pans basin, and their composition changes with the 
localities They are divided into two groups of lieds Mo\isse, 
or soft clay , (2) faltas, or shelly mark 

In the Pans basm the Molaise presents, at its base, quartzose sands 
of great thickness, sumctmies pure, sometimes a little argillaceous or 
iiiK ac CO ist I'hey include beds of sandstone (with some limestone), 
‘nhich are worked in the quarnes of hontamebleau, d’Ursay, and 
.Montmorency, for paving-stone for the streets of Pans and the neigh- 
bouring towns. This last formation is altogether marine. To these 
s<inds and sandstones succeeds a fresh-water deposit, formed of a 
whitish and partly silicious limestone, which forms the grojind of the 
plaieau of lot Beaucc, between the valleys of the Seine and the Loire 
this IS called the Calcatre de /a Beauce It is there mixed with a red- 
dish and idore or less sandy clay, r ontaining small blocks of burrh-stone 
used for millstones, easily recognised by their yellow -ochreous colour, 
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an<I the numerous (.ii\iti(.s or hollows with whiih tlieir te'iture is 
hone> combed 

This gnt, or j//f v nim/iet, is murh used in l*aris for the arches of 
cellars underground < onduits, sewers, &c 

'J'he Paimn in the Pans basin consist of divers beds formed of 
shells and Corals, almost entirely broken up In many parts of the 
countr), and csperially in the cn\ irons of Tours and Bordeaux, they 
are dug out for m.inuring the land 'I'o the l<alun senes belong the 
fresh-water marl, limestone, ami sand, which composed the cclebraled 
mound of Sansan, near Audi, m the Department of (lers, in wliidi 
M Dartet tniind a considerable number of bones of Turtles, Birds, 
and espcciallv Mainm ils, smh as Mnstodon and /hnot/m mui, to 
gether with a species of long-anncd ape, which he named Piihectn 
an/u/uus, from the circumstance of its atlording the earliest instance 
of the discovery of the remains of the quad.umana, or monkey tribe, 
111 Europe Isolated masses of baluns occur, also, near the mouth 
of the Loire and to the south of Tours, and in Brittany 

Miocene beds extend to Gnnncll Land (lat 81° 45' N.), and to 
Spit/bergen But the deposits on the West Greenland coast, which 
have proved so rich m plants, are now assigned to the Cretaceous 
(page 31 1 ) and the Eocene Amcnca and the Antipodes are, how- 
ever, rich in them 
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'J'lris last period of the Tertuiry epoch \vj.s miirked, in some parts 
ot I'.iirope, hy great movements of the terrestrial crust, alnays due to 
the same cause — namely, the continual and gradual i uohng of the 
glohc This leads us to rcrall ivhat we have repeatedly stated, that 
this cooling, (.lunng which the outer 7one of the fluid mass i>assed to 
tile solid state, iiroduced irregularities and inequalities in the external 
surface, sometimes accom[)anicd by fractures through which the semi- 
fluid or pasty matter poured itself, leading aflerwanls to the ujv 
Jieaval of mountain ninges through these gaping chasms 'J'hus, 
during the IMiocenc period, many mountains and mountain-chains 
Here formed in Europe by basaltir and volcanic eruptions I’hese 
U|)1ieavall> were preceded by sudden and irregulai movements of the 
clastu mass of the crust — by eartliquakes, in short phenomena 
Hliich have been already siilhcicntly explaineil 

• 

In order to understand the nature qf the vegetation of the period, 
.Is conijiared with that with which i\e are familiar, let us listen to 
M 1a:cot[ “ Arrjveil, finally," says that author, “at the last period 
\vhi( h preceded our oh n epoi h - the epoch in which the temperate 
/ones were stilj eii\|^lhshed bytropual forms of vegetation, mIiicIi 
Hire, however, slowly declining, driven out as it nere by a tooling 
I lunate and by the invasion of more iigoroiis sjict les - .great ter- 
restrial commotions look place mounlains arc covered with eternal 
snow , continents now take their jiresenl forms , but many great 
likes, now dried up, still existed, great rivers flowed majestuully 
through smiling (uuntries, whose surface man had not yet come 
to modify 

“Two hundred and twelve species i.omposc this nth flora, in 
"wTiich the Eerns of the earlier ages of the world arc scarcely indi- 
cated, where the Palms seem to have quite disappeared, and we see 
forms mucfli more like those which are constantly under our obser- 
vation. The Cuhnites aruiuitnaiais (Unger) abounds near the 
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wj.ter, where also grows the Cy/vntes ietUarius (Unger), where floaii 
PottvnogetoH genuulatus xcA where we see hubmeiged 

Bruunn (Unger) Great Conifers still form the forests This fine 
family has, ns w'e ha\c seen, jiassed through every epoih, and still 
presents us with its elegant for m s and persistent evergreen foliage , 
Ta\oditeSy Thuyoxylitin, AbuiiUs, Pimh's, lilcoxylon, and Taxihs 
being still the forms most abundant in these old natural forests 

“The predominating eharaeter of this period is the abundant i 
of the group of the Ameiitaceae , whilst the ( onifers are thirty-two in 
number, of the other we reckon fifty-two species, among which are 
in.iny Isurojiean genera, siu li as AIhus . Qiieinii,, the oak , Sali\, tin, 
willow , /'a^uSf the beech , Btfu/a, the birch, &e. 

“ The following families constitute the arborescent flora of the 
period besides those already mentioned — Balsammaccm, l«uirace.e, 
'riiymelncaccn:, Santalaccaz, Cornace<e, Myrtacem, Calycanthac ec, 
I’omacen:, Kosaic.u, Ainygdalen:, lo^iminoste, Anacarcliaceae, Jug- 
landaccae, fthamnac eo:, Celastracete, Sapindaceae, Mehacese, Acer.i- 
ceae, Tiliaccse, Magnoliacese, Capparidac em, Sapotaceic, StyraCacea:, 
Oleaceae, Juncaccac, Ericaceae 

“ In all these families great numbers of European genera are 
found, often even more abundant m species than now. Thits, as 
Brongniart observes, in this flora we reckon fourteen species of Maple r 
three species of Oak j and these species proceed from two or thiee 
very circumscribed localities, which would not probably, at present, 
represent in a radius of several leagues more than three or four species 
of these genera." Later discoveries have added to this number 

An important difference clistingiiishes the IMiocene flora, as com 
pared with those ot jjreroihng ejiochb, it is the absent e of the faiiiil> 
of I’alms in the Eiirope.ui flora, as noted by Ixcoq, whicli forms siuli 
an essential botanical feature m the Miocene neriod Wc iiiciitinii 
this, because, m sjiite of the general analogy wmch exists between 
the legetatioii of the riiocenc period and that of temperate regions 
III tile ])rcsciit day, it dues not apjiear that there is a single specu s 
of the foniicr period absolutely identic al with any one now grow ing 
in Europe 'J’hus, the Isuropcan vegetation, even at the most ret ent 
geological cpocli, differs spcciticully from the vegetation of our age, 
although a general resemblance is observable between the two 

'I'lie terrestrial animals of the I’lioccnc period ]irescnt us with a 
great number of creatures .dike remarkable from their proportions 
and from their structure The Mammals and the batracliion Reptiles 
are alike deserving of our attention iii this epoch. Among the former 
the Mastodon, which makes Us first appearance in the Miocene 



^IJOCENP PERIOD. 


359 



Fig 174 —Skeleton of ilattod^K tunctHs s 
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fornialions, conunucs to be found, but becomes extinct apparently 
before we reath the upper beds Others present themselves of 
genera totilly unknown till now, sonic of them, such as the Hippo- 
potamu\, the Cti/m/, the Horse., the Ox, and the Deer, surviving to the 
present day 'I'lie fossil horse, of all animals, is perliaps that which 

presents the greatest re- 
semblance to existing 
individuals , but it was 
small, not exceeding the 
ass in si/e 

The Mastodon, which 
wc have considered in 
our description of the pre- 
ceding penod, still existed 
iji Pliocene tunes , in 
Fig. T74 a European spe- 
cies living in this age 
IS represented, called the 
Mastodon of Tunn As 
we see, it has only two 
projecting tusks or de- 
fences m the upper jaw, 
instead of four, like the 
American species, which 
IS described in page jvy. 
Other species belonging 
to this iienoil arc not un- 
>75 — parti> rcitored coiniiion , the portion of 
,.n.i...h.d.«uu«.orn.^.„=i)«sion«Unn.ps aiiuppcT jaw-bonc wnth 

a tooth which wms found 
111 the Norn H li (’rag .It Poslwuk.near Norwich, Dr falconer has shown 
U) lie a riiuLcne s]ii.(i«.s, first observed in Aitvergnc, and named by 
Messrs Croi/el and Jobert, its disiovercrs, Mastodon Ars^ermii'sis 
The fhppopotanv, 7 'aptrs, ami Camels of the Pliocene [lenod arc 
numerous Many elephants appear, and various ancestors of the 
horse genus 

’I'he Apes begin to abound in species , the Stags were already 
numerous, as •were o\en. cats, bears, and hyaenas 

'I'lii. Rhtdomos, which made its apiiearance in the Miocene period, 
oiciirs in greater numbers in the Pliocene deposits The species 
peculiar to the 'I'ertiary cjioch is M ttchorhinus, its name inferring 
to the bony partition which separated its two nostrils, an anatomical 
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nrrangement which is not found in our existing species Two horns 
surmount the nose of this animal, as represented in Fig 175 Si\ 
living species, namely, the Rhinorcn of Africa and Sumatra, have 
two horns, but they are much smaller than those of R UJwthtnus 
The Indian and Javan Rlnnoccri have only one horn 

The body of R tuhor/nnus was covered with very thick hair, and 
its skin was without the rough and callous scales which we remark on 
the skin of the living African species 

Contemporaneously with this gigantic species there c\isted a 
dwarf sfiecies about the si/u^ of our Hog, and along with it several 
intermediate species, whose lionesarc found m suiricient numbers to 
enable us to reconstruct the skeleton 'I'hc curvature of the nasal 
bone of the fossil Rhinoceros and its gigantic horn have given rise 
to many talcs and popular legends The famous bird, the Rot, which 
])layed so great a jiart in the fabulous myths of the pco]jIc of Asia, 
originated in the discovery in the earth of the cranium and horns of 
a fossil Rhinoceros i'he famous dragons of Western tradition have 
a similar origin 

In the city of Klagenfurt, in Carinthin, is a fountain on which is 
sculptured the head of a monstrous dragon with six feet, and a head 
surmounted by a stout horn According to the popular tradition still 
prevali^it at Klageniiirl, this dragon lived in a cave, whence it 
issued from time to time to frighten and ravage the country A bold 
cavalier kills the dragon, jiaying with his life for this ])roof of his 
courage It is the same legend whicdi is current in every country, from 
that of the valiant St Gcxirge and the Oragoii and ot St Martha, 
who nearly about the same age conquered the fatiiiloiis TaraMpte of 
thp city of liangiicdoc, which bears the name of Tarascon 

Hut at Klagenfurt the popular legend has happily found a mouth- 
piece, the head of j the pretended dragon, killed by the valorous 
knight, IS prcser'od m the Hotel dc Villc, and this head has 
furnished the sculptor of the fountain with a model fur the head of 
his statue Herr Unger, of V lenna, recognised at a glance* the c raiiium 
of the fossil Rhinoceros , its discovery in some cave had probably 
originated the fable of the knight and the dragon And all legends 
arc capable of some such explanation when we can trace them back 
to their sources and reason upon the circiimstnnc es on which they arc 
founded 

The traveller Pallas gives a very interesting account of a Rhino- 
ceros tiehorhsnus which he saw, with his own eyes, taken out of the ice 
in whuji its skin, hair, and flesh had been preserved It was in 
iJccember, 1771, that the body of the Rhinoceros was observed 

12 * 
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buried in the fro/.cn sand upon the banks of the Vilui, a river trhich 
discharges itself into the l^na below Yakutsk, in Siberia, in 64** north 
latitude “ I ought to siieak,” the learned naturalist says, “ of an 
interesting thscovery which I owe to the Chevalier de ISril Some 
Yakuts hunting this winter near the Viliii found the body of a large un- 
known animal 'I'hc Sicur Ivan Argounof, inspector of the Zimovic, 
had sent on to Irkutsk the head and a fore and hind foot of the animal, 
all very well preserved ” 'I'he Sieur Argounof, in his report, states 
that the animal was half buried in the sand , it measured as it lay 
three ells anil three quarters (Russian) in' length, and he estimated its 
height at three and a half ells , the animal, still retaining its flesh, was 
covered with skin that resembled tanned leather , but it was so 
decomposed that he could only remov e the fore and hind foot and the 
head, which he sent to Irkutsk, where Fallas saw them “'I'hcy 
appeared to me at first glance,” he says, “ to belong to a Rhinoceros , 
the head cspei tally was cpiite recognisable, since it was covered with 
its leathery skin, and the skin had preserved all its external characters, 
and many short hairs The eyelids had even escaped total decay, and 
in the cranium here and there, under the skin, I perceived some matter 
wliu h was evideivtly the remains of putrefied flesh 1 also remarked 
111 the feet the remains of the tendons and cartilages where the skin 
had been removed 'Fhe head was without its horn, and the feet 
without hoofs The place of the honi, and the raised skm which had 
surrounded it, and the division which existed in both the hind and 
fore feet, were evident proofs of its being a Rhinoceros In a disser- 
tation addressed to the Academy of St Petersburg, I have given a lull 
account of this singular discovery I give there reasons which prove 
that a Rhinoc eros had jicnctratcd nearly to the Lena, in the most 
northern regions, and whii h have led to the discov^ery of the remains 
of other strange animals m Siberia I shall confine myself here to a 
description of the country where these cunous rediains were found, 
and to the laiisc of their long prcscrv'ation 

“ The country watered by the Vilui is mountainous ,. all the 
stratification of these mountains is horizontal 'I'he beds consist of 
selenitic and calcareous s< lusts and beds of clay, mixed with numerous 
beds of pyrites On the hanks of the Vilui we meet with coal much 
broken , jirobably coal-lveds exist higher up near to the river '1 he 
brook Kemtendoi skirts a mountain entirely formed of selenite or 
crystallised sulphate of lime and of rock-salt, and this mountain of 
alabaster is more than 300 versts (about 200 miles), in ascending the 
Vilui, from the place where the Rhinoceros was found Opposite 
to the place w'e see, near the river, a low hill, about a hundred feet 
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higli, which, though sandy, contains some beds of millstone The 
body of the Rhinoceros had been Imried in coarse gravelly sand near 
this hill, aivl the nature of the soil, ishich is always frozen, had pre- 
served it 'I'he soil near the Vilm never thaws to .1 great deiith, for, 
.lUhoiigh the rays of the sun soften the soil to the depth of two yards 
III the more elevated sandy places, m the valleys, where the soil is 
h ilf sand and half clay, it remains fro/en at the end of summer half 
III ell below the surface ^Vithout this intense c old the skin ot the 
iiiimal and many parts of it 1:1011111 long since have perished, 'the 
aiifmal could only have been transported from some soutluTn c oiintry 
to the frozen north at the oi>och of the Deluge, for the most ancient 
chronicles speak of no changes of the globe more rec ent, to which we 
I ould attribute the deposit of these remains and of the bones of 
elephants which arc found disperscsl all over Siberia 

In this extrac t the ahtlior refers to a mcmoii previously ]niblislicd 
by himself, in the “ ( 3 oinincntarii ’ of the Academy of St Petersburg 
This memoir, written m laitin, and entitled “ Upon some Animals of 
Siberia,” has newer been Irmslatcd After sonic general considera- 
tions, the author thus relates the nri umstam cs attending the div 
covery of the fossil Rhinoceros, with some olhc ml documents athrming 
their c orrectness, and the manner in which the facts were brought 
under his iiotic e by*the (lovemor of Irkutsk, (leiieral Uril “'I he 
skin and tendons of the head and feet still jirescrvcd considerable 
flexilvlft/i imbued as it were with humiclit> from the earth , but the 
lle^i exhaled a fetid ainniomacal odour, resembling that of a latnnc 
Compelled to cross the Baikal I.ike Iiefc^rc the uc broke up, I could 
neither draw up a siiflu lently c arcful elese riptiuii nor make sketches 
of fhc parts of the animal , but I made them place the remains, with- 
out leaving Irkutsk, ipjon a furnace, with orders that after my depar- 
ture they should 1 j» dried by slow degrees nncl with tlie greatest care, 
continuing the process for some time, bee aiise the \ isc ous matter 
which incessantly oo/cd out could only be dissipated by great heat 
It happefhed, unfortunately, tlial during the operation the posterior 
jiart of the upper thigh .and the foot were burnt in the overheated 
lurnace, and they were thrown away, the bead and the extremity of 
the hind foot only remained int,ut and undamaged by the process of 
drying The odour of the softer jsirts, w’liu li still contained viscous 
jiiatter in their interior, was changed by the dcsiccatnin into one 
resembling that of flesh decomposed in the sun 

“ The Rhinoceros to whii h the members belonged was neither 
large for its species nor advanc c:d 111 age, as the bones of the head 
. • “Pallas’s Voyage,” voL iv, pp 130 134. 
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attest, yet it was evidently an adult from the comixinson made 'of the 
si/e of the cranium as com]xircd with that of others of the same 
s])ccies mure aged, which were aftenvards found in a fossil state in 
divers jiarts of Siberia 'I'hc entire length uf the heoil fnim the 
upper part of the nape of the net k to the extremity of the denuded 
bone of the jaw was thirty inches, the horns were not with the head, 
but wecoiilcl still see evident vestiges of two horns the nasal ami 
frontal The front, uncc|ual and a little protuberant between the 
orbits, and of a rhnmbotdal egg-shape,^ is deficient m the skin, and 
only cov ered by a light horny membrane, bristling witli straight litiirs 
as hard as horn 

“ The skin which covers the greater part of the head is in the 
dried state, a tenacious, fibrous substance, like ciimcd leather, of a 
brownish-black on the outside and white m the inside, when burnt, 
it had the odour uf common leather , the nviiith, in the place where 
the bps should have been soA and fleshy, was putnd and much 
l.i< crated , the extremities of the maxillary lionc w-ere Ixire Ujioti 
the IcA side, which had jirobably been longest e\]>used to the air, 
the skin was here and there dec oinposcd and mbbetl on the surface , 
nevertheless, the greater part of the mouth was so well preserved on 
the right side that the jiorcs, or little holes from which doubtless the 
hairs had fallen, were still visible all over that side, and even in front 
In the right side of the jaw there were still in certain places 
numerous hairs groujied in tufts lor the most j>art rubbed down to 
the roots, and here and there of two or three lines still retaining their 
full length They stand erect, arc stiff, and of an ashy colour, but 
w itli one or two black, and a little stiffcr than the others, in each bunch 

“ What w'as most astonishing, however, was the fac t that the Skm 
whicli covered ihc orbits of the eyes, and formed the eyelids, was 
Sowell presen ed and so healthy that the opcy’ings of the eyelids 
could be seen, thcuigh deformed and scarcely penetrable to the 
finger, thg.skin which surrounded the orbits, though desiccated, 
formed circular furniws 'J'hc cavities of the eyes were filled with 
matter, eitlier argillac eons or animal, such as still occupied a jiart of 
the cavity of the cranium Under the skin the fibres and tendons 
still remained, and above all the remains of the temporal muscles , 
finally, in the throat hung sonic great bundles of muse ular fibres 
Thu ciciiiidild bones were young and less solid than in other fossil 
crania of tlie same species The bone which gave support to the^ 
nasal horn was not yet attached to the wma it was unprovided 
with articulations like the prcx,esscs of the young bonbs. The 
extremities of the jaws preserved no vestige either of teeth or sockets,^ 
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but they were covered here and there with the remains of the 
integument The first molar was distant about four inches from the 
extreme edge of the jaw 

“The foot which remains to me, and uhich, if I am not mistaken, 
belongs to the left liincl limb, has not only preserved its skin (|iiite 
intact and furnished ivith hairs, or their roots, as well as the tendons 
and ligaments of the heel in all their strength, but also the skin 
Itself finite wluile as far as the bend in the knee. 'I'he pl.ice ol the 
niusdes was filled with bbjck. miwl The extremity of the loot is 
(loveii into three angles, the bony p.irts of which, nith the ]icriostcimi, 
still remain here and there , the horny hoofs had been detached 
The hairs adhering in many places to the skm were from one to 
three lines in length, tolerably stiff and ash-coloured \\ hat remains 
of it proves that the foot was covered with bunches of hair, whit h 
hung down ' 

“ We have never, so far as I know, observed so miidi hair on any 
rhinoceros which has lieen brought to Kurope in our times, as appears 
to have been presented by the head and feet we have described. I 
leave you then to decide if our rhinoceros of the Jama was born or 
not m the temperate climate of Central Asia In fact, the rhinoceros, 
as I gather from the relations of travellers, belongs to the forests of 
Northern India , and it is likely enough that tlicse animals differ in 
a more hairy skm from those which live in the buniing /ones of 
Afnga, just in the same way tlial other aniinnls of a hotter climate are 
less warmly covered than those of the same genera 111 temperate 
countries ”* 

Of all fossil ruminants one of the largest and most singular is 
the Sivat/irrmiu, whose remains have been found m the valley of 
Murkunda, in the Sjwalik branch of the Sub -1 limalayan Mountains 
Its name is tuken..rom that of Siva, the Indian deity worshipped m 
that part of India. 

The Sirathermm ^igantemn had a body as bulky ns 'that of an ox, 
and boh; a sort of resemblance to the living hlk It combined in 
Itself thci characteristics of different kinds of Herbivores, at the same 
time that it was marked by individual peculiarities The massive head 
possessed four deciduous, hollow horns, like the Prongbuck , two front 
ones conical, smooth, and rapidly rising to a point, and two hinder ones 
, of larger si/e, and branched, projected forward above the eyes t Thus 
It differed from the deer, whose solid horns annually drop off, and 

• “ Commcnbirii Acarlemice Petersbuigica; *’ 
t Dr James Mune, Gefflo^Kol Mtvfaxtue, vol viii , p 438 
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from the antelope tribe, sheep and oxen, whose hollow horns are per- 
sistent, and resembled only one li\ing ruminant, the pronglnick, m 
having had hollow horns subject to shedding Fig 176, is a repre- 
sentation of the SiratfuriKiH restored, in so far, at least, as it is 
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possible to do so m the rase of an animal of which only the cranium 
and a few other bones ha\e liecn discovered 

As if to rival these gigantic Mammals, great numbers of Reptiles 
seem to havcf lived m the Pliocene period, although they are no 
longer of the s-ime importance as in the Secondary epoch Only 
one of these, however, need occupy our attention; it is the Sala- 
mander The living Salamanders are amphibious Batrachiads, with 
smooth skins, and rarely attaining the length of twenty inches The 
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Salamander of the Tertiary epoch had the dimensions of a Crocodile , 
and Its discovery opens a pregnant page in the history of geology 
I’he skeleton of this Reptile was long considered to lie that of a 
human victim of the deluge, and i\as spoken of as “ homo dihivii 
testts ” It required all the efforts of Camper and Cuvier to eradicate 
this error from the minds of the l^med, and prohalil} in the minds 
of the vulgar it survived them both 

Upon the left bank of the Rhine, not far from ConsLince, a little 
abpve Stein, and near the village of fKningen, in Swit/erland, there 
are some fine quarries of schistose limestone In consequence of 
tlieir varied products these quarries ha\e often been describerl by 
naturalists, they are of 'I'crtiary age, and were visited, among others, 
by Horace de Saussure, by whom they arc described in the third 
volume of his “ Voyage dans les Alpes ’’ 

In 1725, a large bldik of stone was found, mcrusted in which a 
skeleton was discovered, remarkably well preserved , and Scheuch.(er, 
a Swiss naturalist of some celebrity, who added to his scientific pur- 
suits the study of theology, was called upon to give his opinion as to 
the nature of this relic of ancient tunes He thought he recognised 
in the skeleton that of a man In 1726 he published a ilescription 
of these fossil remains in the “ Pliilosojihical '1 raiisactions ” of 
I^ndon, and in 17^1 he made it the subjeit of a special dissertation, 
entitled ** Homo dihmt testts”- Alan, a witness of the Deluge 'I'his 
dissertation was act oinpanied by an engraving of the skekloii 
Schctich/er returned to the subjeit in another of his works, “Phjsica 
Sacra,” saying “It is certain that this sthist contains the half, or 
nearly so, of the skeleton of a man , that the substance even of tlie 
bones and, what is more, of the flesh and of jiarts still softer than 
the flesh, is there incorporated in the stone , in a w’ord, it is one of 
the rarest rolus 'which we have of that accursed race which was 
buried under the waters 'I'hc figure shows us the contour of tlie 
frontal bone, the orbits with the openings which give passage to the 
great nerves of the fifth pair We see there the remains of tlie 
brain, of the sjilienoidal bone, of the roots of the nose, a notable 
fragment of the maxillary bone, and some vestiges of the livei " 

And our pious author cxclaiinb, tins lime taking the lyrical foiiii — 

“ BiitTiilites nciiigcriist vim (.imiii allcm Siiiii1i.r 
Krwc.icliL,‘ Stem, ilas Her/ ili.r iiuilii liii<,liLil'ikiiicIer 

“ O ilcplomhlc skeleton of an acani'scd incient, 

Mayst thou sofli.ii the hcirts of the His sliikiren of wickedness * ” 

The reader has before him the fossil of the CRningcn schist (Fig 
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177) It IS obviously impossible 
to see in this skeleton what the 
enthusiastic savant wirhed to per- 
ceive And we can form an idea 
from this instance, of the errors 
to vvliuh a preconceived idea, 
blindly followed, may sometimes 
lead How a naturalist of such 
eminence as Sdieiich^cr could 
liave perceived in this enormous 
head, and in these iijiper mem- 
bers, the least resemblance to 
the osseous parts of a man is 
incomprehensible ' 

'I he rte- Adamite “witness of 
the deluge ’* made a great noise 
in (lermany, and no one there 
dared to dis]nitc tlie opinion of 
the Swiss naturalist, under his 
double authority of theologian 
and savant 'I'liis, prolwbly, is the 
reason why Oesner in his treatise 
on petretactions, published in 
1758, describes with admiration 
the fossil of Cl'lnmgen, whicli he 
attributes, with Srheuchzer, to 
the antediluvian man 

Peter Camper alone dared 
to oppose dhis opinion, which 
was then universally professed 
throughout (Jermany He went 
to tl'aiingeii in 1787 to examine 
the celebrated fossil animal , he 
had no diH'iculty in detecting 
the error into which Scheuch/cr 
had fallen He recognisetl at 
once that it was a Reptile , but 
he deceived himself, neverthe- < 
less, as to the family to which 
it belonged, he took it for a 
Saiinan “A petrified lizard,” 
Cain^ier wrote, “could it jiossibly 
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pass for a man ?” It was left to Cuvier to plai e in its true family the 
lossil of CEningen , in a memoir on the subject he demonstrated 
that this fikelcton belonged to one of the amphibious batrachians 
(.died Salamanders “Take,” he sajs in his memoir, “ a skeleton 
of a Salamander and place it alongside the fossil, w ithoiit allowing 
voiirself to be misled by the diftcreiicc of si/e, just as you could 
easily do in comparing a drawing of the salamander of the natural 
si/c with one of the fossil rcsluced to a sisteenlh part of its dimen- 
sions, and everything will be csjilained in the clearest manner ” 

1 am even jiersiiaded,” adds the great naturalist, in a siihscrjiient 
cilition of tins memoir, “ that, if we could re-arrange the fossil and 
look closer into the details, we should find still more numerous 
jjroofs m the articular faces of tlie vertehne, in those of the jaws, m 
the vestiges of very small teeth, and even in the labjrinlh of the ear” 
And he *invited the pibprietors or dciiositaries of the jirccious fossil 
to proceed to such an examination. Cnvier had the gratification of 
making, personally, the investigation he suggested I'lnding himself 
at Haarlem, he asked permission of the Director of the Museum to 
examine the stone which contained the siijiiiosed fossil man 'ITie 
ojieration was carried on in the present e of the director and another 
naturalist A drawing of the skeleton of a S.ilamander was placed 
near the fossil by Cuvier, who had the satisfaction of recognising, as 
the stone w'as chipped away under the chisel, each of the bones, 
aqnounced by the drawing, as they made their .ijipcarance In the 
natittul sciences there arc few instances of such truiinphant results — 
few demonstrations so satisfactory .as this It may, however, be 
aclded, that though for convenience’ sake the Andrioi is described 
here, the strata in winch it is contained are held to be Miucciie 
(Ohgocene). ^ 

During the Pliocene period Ihrds of very numerous species, and 
which still exist, gave animation to the vast solitudes which man had 
not yetioccupicd Vultures and Eagles, among the rapacious birds , 
and among other genera of birds, gulls, swallows, jiics, jiarocjuets, 
pheasants, jungle-fowl, ducks, &c. 

In the marine Pliocene fauna we see, for the first time, aquatic 
Mammals or Cetacx'ans — the Dolphin and Bahetta bc^longing to the 
period Very little, however, is know'n of the fosnil species be- 
longing to the two genera Some bones of Dolphips, found in 
different jiarts of France, apprise us, however, that the ancient 
species differed from those of our days 'Phe same remark may be 
made respecting the Narwhal I’his Cetacean, so remarkable for its 
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long tusk, or tooth, in the form of a horn, has at all timus Ijcen an 
objei t of rnnositj 

'J'he Whales, whose remains are found in the PlioQene rocks, 
differ little from those now living Hut tlie observations geologists 
have been able to make upon these gigantic remains of the ancient 
worlcl are too few to allow of any very precise coneliision It is 
certain, however, that the fossil differs from the existing Whale in 
certain characters drawn from the bones of the crannim. 'I’lie 
discovery of an enormous fragment of a ifbssil Whale, mode at Pan's 
in 1779, in the < ellar of a wine-nicrchant in the Rue Daiiphine, created 
a great sensation Science pronounced, Mslhout much hesitation, 
on the true origin of these remains, but the public liad some difficulty 
in comprehending the e\istcnce of an hale in the Rue Dauphme It 
was 111 digging some holes m his t ellars that the wmc-mercliant made 
this interesting discovery His workmen foi^nd, under the pick, an 
enormous piece of bone buried in a yellow clay Its complete 
extraction caused him a great de<d of labour, and presented many 
difficulties Little interested in making further distovenes, our 
winc-iiicrchant contenteil himself with raising, with the heli> of a 
chisel, a portion of the monstrous bone The piet e thus detached 
weighed 227 pounds It was exhibited in the wine-shop, where 
large numbers of the curious went to sec it Lainanon, a naturalist 
of that day, who exvimiiied it, conjectured that the bone belonged to 
the head of a whale As to the bone itself, it was {iiirchased for tlje 
Teylcr Museum, at Haarlem. 

There exists in the Museunv of Natural History in Pans only a 
copy of the bone of the whale of the Rue Dauphme, which received 
the name of Balanodon iMmanom. The examination of this figure 
by Cuvier led him to recognise it as a bone belc^ging to one of the 
long extinct Balsen^, which differed not only from the living species, 
but from all others known uji to this time. 

Since the days of Lanianon, other bones of Balsenx Jiave been 
discovered in the soil of different countries, especially in that near 
Antwerp, which contains numerous seals, dolphins, and other >cetacca 
In 1806 a fossil Bakena was disinterred at Monte-Pulgnasco by M 
Cortesi Another skeleton, seventy-two feet long, was found on the 
banks of the ^river Forth, near Alloa In 1816 many bones of this 
animal were dcscovercd in a little valley formed by a brook running 
into the Chiavana, one of the affiuents of the Po 

Cuvier has established, among the cetacean fossils, a particular 
genus, which he designates under the name of Ztphtui. The animals 
to which he gave the name, however, are not identical either with 
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the "Whales {Balan<i), the Cachalots or Sperm Whales, or with the 
Hyperoodons They hold, in the order of Cetaceans, the place that 
the Palieotijeriuiii and Anoplotheniiin oc c iipy among the Pachyderms, 
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or that which the Megathenum and Megalonyx occupy in the order 
of the Edentates. The Xtphnis still lives in the Mediterranean 

'I'he genera of Mollusca, which distinguish this penod from all 
others, are very numerous They include the Cardium, Panopasa, 
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Pecteii (iMg 178), 1 ‘usus, Murex, Cypra-M, VoluU, Chcnopus,* Buc- 
cinum, Ndssa, and many others 

'I'he Pliocene senes prevails over Norfolk, Suffolk, and Essex, 
where it is popularly known as the Crag In Essex it rests direct!) 
on the I.ondon Clay Near Norwich it rests on the Chalk 

'i'he Phoiene loiks are divided into lower and upper 'Che Ohlti 
Pliocene (onipiises the White or Coralline Crag, including the Red 
Crag of Siiflolk, containing marine sheys, of which sixty iicr ceiTt 
arc of extinct spaies The Ne 7 ivr Pliocene is represented h) the 
Elnvio-marine or Norwich Crag, which last, according to the Rev 
Osmond Eisher, is overlaid hy Chillcsford clay, a very variable and 
more antn deiiosit, often passing suddenly into sands without a 
trace of clay 

The Norfolk Forest Bed rests upon the* Chillesford clay, when 
that IS not denuded 

A femigmous bed, rich in mammalian remains, and known as the 
Elejiliant bed, overlies the Forest Bed, of which it is considered by 
the Rev John Ciinn to be an upper division 

I'lie Crag, divided into three XH>rtions, is a local deposit of limited 
extent It consists of variable b^s of sand, gravel, and marl , soine- 
tiiiies It IS a shelly fcrnigmoub gnt, as the Reel Cmg , at others a soft 
call areous rock made up of shells and biyoisoa, as the Coralline Crag 
'I'he Coralline Crag, of very limited extent in England, ranges 
over about twenty miles between the rivers Stour and Alde» with’ pi 
breadth of three or four It consists of two divisions — an upiier 
one, formed chiefly of the remains of Bryoxoa, and a lower one of 
light-coloured sands, with a profusion of shells The upper divisibn 
IS about tliirty-six feet thick at Sudbomc, in Suflbik, where it consists 
of a scries of beds almost entirely tomposed oh comminuted shells 
and retnams of IJryo/oa, fonning a soft build mg-stone 'I'he lower 
division IS about forty-seven feet thick at Sutton , making the total 
thickness of the Coralline Crag alioiit eiglity-lhrce feet 

Many of the Coralline Crag Molliist a belong to living spei,ies, they 
are supposed to mdic ate an eiiiiablc climate free from intense cold — 
an infcrcm c rendered more prolxible hy the prevalent e of northern 
forms of shelly, such as Glycmens, Cyprina, and Astarte 'I’he late 
Professor Edv’aril Forbes, to whom science is indebted for so many 
philosophical deductions, xioints out some remarkable inferences 
drawn from the fauna of the Pliocene seas * It appears that in the 

* Eilwartl I'orbcs m “Memoirs of the Geological Survey of Great Britain," 
vol I , p 336 
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glacial penod, which we sliall shortly have ihicIlt Lon&ulcration, many 
shells, previously estabhsherl in the temperate /one, retreated suiilli- 
\\ards, to avoid an uncongenial climate 'I'hc I’rolessor gives a list 
ol fifty which inhabited the llritish seas while the Coralline anti Red 
Crag were forming, but which are all rvanting in the glacial deposits,* 
from which he infers that they migrated at the approach of the glai lal 
])eriod, and returned again northw'ards, when the temperate climate 
was restored + 

Tn the Upper or Mammaliferous (or Nonvuh) Crag, of which 
there is a good exposure in* a pit near the as}liini at 'I'liorpc, bones 
of Mammalia are found with existing species of shells 'J'hc greater 
mmiber of the Mammalian remains have been supposed, until lately, 
to be extraneous fossils, but they are now- considered by Mr 
Prcstwich as truly contemporaneous 'I'he jiccubar inistiirc of 
southern forms of lifeanth cithers of a more iiorihem type leads to 
the inference that, at this early iiencid, a lowering of temiiciatiirc 
.began gradually to set in from the period ol the Coralline Crag to 
that of the horest lied, which marks the cunimencenient of the 
Glacial I’eriod 

'I'he distinction between the Mainmalifcroiis Crag of Norwich 
and the Red Crag of Suffolk is purely palxoiitologii al, no case of 
superiJbsition haviiig yet been discovered, and they are now generally 
considered as c ontcmporaneoiis 'I'wo Proliosc idians ahiiiulant during 
the Crag period were the Mastodon An'tiinmis and the Ehphas 
idohiionalis In the Red Crag the Mastodon is stated !iy the Rev. 
John Gunn to he more abundant than the Islephanl, while in the 
Norwich beds their proportions are ncarlj ecpial 

At or near the base of the Red Crag there is a remarkable 
acrumulation, varying in thickness from a few inches to two led, of 
bones teeth, and pfiosphatic ncxlulo (called cojirolites), winch are 
w'orked for making superphosjihatu of lime for agni 11ll11r.1l inamirc 
The foreign ecpiivalents of the older Pliocene an fcnincl in the 
siid-A/H’innne strata 'I'liese rocks arc siiftic lentl} rcmjlrk.iblc in Ihc 
county of Suftolk, where they » onsist of a series of marine beds of 
cpiart^osc sand, coloured red by ferruginous matter 

At the foot ol the .Apennine chain, which forms the backbone, as 

• For full infermalion on these dcposils the rc'nler tcfcrrcil fo flu. 
" Memoirs on the Struclnrc (if the Cr.'ig beds of Norfolk and bulTulk,” by 
Profesiior Prcstwich, in the Qrnnf Jota (nvt Atu , vol xxwi , pp 115, 325, 
and 452 (1871) Also to llic many I'ayicrs by the Messn, Searlcs Wood pub- 
lished in the Qnar Jom Oeol 6 ih , the fun A'lit //ist , the J^il A/ifg' , &(, 
i Lyell’s “ Elements of Geology, " p 203 
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it were, of I taly, throwirit' out many spurs, the formations on either 
side, and on both sides of the Adrutu , are 'Ferliary strata , they form 
in many cases, low hills lying between the Apennines of Secondary 
form.ition and the sea, ihc strata generally being a hgh't-brown or 
bluish marl covered with yellow calc.ircous sand and gravel, with 
some fossil shells, iihuh, according to llrocclii, are found all over 
Italy, lint this wide range includes sonic older Tertiary formations, 
as in the strata of the Superga nc.ir Turin, which are Miocene 

The AtdMrp Crag, winch is of the same age with the Red and 
Coralline Crag of Siitiblk, forms great ac cumulations upon divers 
points of Jsurope at Antwerp in llelgium, at Carentan and Per- 
pignan, and, we believe, in the basin of the Rhone, in France 'I'he 
thickest deposits of this rock c onsist of clay and sand, alternating with 
marl and arenaceous limestone 'rhese constitute the siib-Apcnmnc 
hills, alluded to above as estcnding on both scopes of the Apennines 
'Ihis deposit occupies the Upper A'^.il d’Amo, above Florence Its 
presence is recognised over a great i>art of Australia Finally, the 
seven hills of Rome are c omposed, in part, of marine Tertiary rdeks 
belonging to the Plioc one period 

In PrAii- XXV an ideal landsc-ipe of the Pliocene penod is 
given under Kuropean latitudes. In the bac kgroiinil of the picture, 
a mountain, recently thrown ii]), reminds us tlut,the period vVas one 
of freejuent convulsions, in which the land was disturbed and iipheaved, 
and mountains and inoiintnin-ranges made their appearance The 
vegetation is nearly identical with the present We see assemlblfed 
in the foreground the more important animals of the penod — the 
fossil species, as well as those wh'ich have survived to the jircsent time. 

At the close of the Pliocene period, and in consccjiience of the 
deposits left by the seas of the 'I’crtiary qioch, the continent of 
Europe was nearly what it is now , few pcrmJtncnt clunges have 
occunvd since to disturb its gener.il oiillinc Altliuugh the point does 
not admit of actual proof, there is strong presumptive evidence tlut 
in this ]>crio*d, or in that immediately subse(]iicnt to it, the entire 
Kuroponn area, w ith some trifling exceptions, including the Alps and 
A])enmnes, emerged from the deep In Sit ily, Newer Pliocene rocks, 
covering nearly half the surfat c of the island, have been racsed from 
3,000 to 3,000 feel above the level of the sea I'ossil shells have 
been observed at the height of 8,ooo feet in the Pyrenees , and, as if 
to fix the date of upheaval, there ore great masses of granite which 
have penetrated the I .las and the Chalk. Fossil shells of the period 
are also found at a height of io,ooo feet in the Alps, at i 3 ,obo feet 
m the Andes, and at l8,ooo feet in the Himalayas 
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In the mountainous regions of the Alps it is alnays difliailt to 
fietcimine the age of beds, in conaccptenLc of the disturbed state of 
tlie strata, for instance, the lofty chain of the Swiss Jura consists of 
many jiarallcl ridges, with intervenmg longitudinal valle3rs ; the ridges 
formed of contorted fossiliferous strata, which are extensive m pro- 
portion to the number and thickness of the formations which have 
been exposed on upheaval 'I’he proofs which these regions offer of 
( omparatively recent elevation are numerous In the central Aljis, 
(.'rctaceoiis, Oolitic, laassi^ and hoccne strata are found at the 
loftiest summits, jjassmg insensibly mlo nietamorphir rocks of granular 
limestone, and into talrose and mica-schists In the eastern ]>arts of 
file chain the older fossiliferous rocks arc recognised in similar posi- 
lions, jiresenting signs of intense Plutonic action Oolitic and Creta- 
(ooiis strata have been raised 12,000 feet, Kocene 1 0,000, and 
Miocene 4,000 and 5,o«o feet above the level of the sea hiiiially 
striking proofs of recent elevation exist in the Apennines , the c clc- 
iiralcd Carrara marble, once supposed — from its crystalline texture and 
the absence of fossils, and from its resting (1 ) on talcusc schists, (2) on 
<|iiart/ and gneiss— to be very ancient, now turns out to be an aitc*red 
limestone of the Oolitic senes, and the imdcTlying crj'stalhnc rocks 
to be mctamoriihoscd Secondary sandstones and shales Had all 
these rocks undergone complete mctamorphisni, another iiage in the 
earth’s history would have been obscured As it is, the proofs of 
what^ive state are found 111 the gradual ajiproach of the rocks to their 
iipalter^l condition as the distance from the intrusive rock increases 
'Ihis intnisivc rock, however, does nejt always reach tlie surface, but 
It exists below at no great depth, and is observed ]iiercmg through 
thef talcosc gnci^, and iiassing up into Seccvidary strata 

At the close of tjiis eixwh, therefore, there is every probability 
that fluropc suid Abia had pretty nearly attained their present general 
configuration. 
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QUATERNARY EPOCH. 

The Quaternary cpo<h of tlic history of our globe commences at 
the dose of the Tertiary epoch, and brings the narrative of its revolu- 
tion!! doiin to otir onn tunes 

'I’he tranquillity of the globe was only disturbed during this era 
by t erlain cataclysms whose sphere was limited and local, and by 
an intenal of cold of very extended duration , the diliiges and 
the i'/ntiir/ jieriod — these are the two most rcinarkable peculiarities 
which distinguished this epoch But the fact which jircdominates m 
the Quaternary epoch, and distinguishes it from all other jihascs of 
the earth s history is the npi>earancc of man, the culminating and 
supreme w ork of the Creator of the uni\ erse 

In this last phase of the history of the earth we may indicate 
three chronological divisions — 

1 The Euro{)ean Deluges. 

2 'rhe Glacial Period 

3. The creation of man and subscciucnt Asiatic Deluge 

Before describing these great events which are supposed to have 
omirrcd in this epoch, we shall pr<»>cnt a brief sketch of the organic 
kingdoms of Nature, namely, of the animals and vegetables which 
flourished at this date, and the new formations that arose. T.yell, 
and some other geologists, designate this the Post-Tekiiaky Epoch, 
and divide it into two subordinate groups — 1. The Post JHiocene 
Period, 2 The Peunt ox P/eistocene Period 

Posi-Pliocene Period 

In the days of Cuvier the Tertiary formations were considered as 
a mere chaos of superficial deposits, having no distinct relations to 
each other It was reserved for the English geologists, with Sir 
Charles I. yell at their head, to throw light upon this obscure pagfi of 
the earth’s history , from the study of fossils, science has not onI> 
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Fc-animated the animals, it has re-construclcd the theatre of their 
existence. We see the British Islands now a straggling archipelago, 
and then ^he mouth of a vast river, of which the continent is lost , 
tor, says Sir Andrew Ramsay, “We are not of necessity to consider 
Great Britain as having always been an island , it is an aci ident 
that It is an island now, and it has been an island many 
times before. In the Tertiary epoch we see it characterised by 
shallow seas swarming with numerous forms of animal life , isl.imls 
co\crcd with bushy Palinj , banks on which Turtles lusked in the 
sun , vast basins of fresh or brackish water, m winch the tide made 
Itself felt, and which abounded with various species of sharks , rivers 
ill which Crocodiles increased and multiplied, woods whu h sheltered 
numerous Mammals and some Serpents of lai^e sue, fresh-n.itcr 
lakes which received the spoils of numerous shells Dry land had 
increased immensely. • Groups of ancient isles we heave seen united 
and become continents, with lakes, bays, and perhajis inland seas 
Gigantic Klephants, vastly larger than any now existing, c lose the 
epoc h, and probably usher m the succeeding one , for we arc not to 
suppose any sudden break to distinguish one jienud from another m 
Nature, although it is convenient to arrange them so for the purposes 
of description If we may judge from their remains, these animals 
must have existe<l«m great mimlicrs, for it is stated that on the const 
of Norfolk alone the fishermen, m tmwling for oysters, dredged mi 
between 1820 and 1II33, no less than 2,000 molar tectli of Klephants 
.If we ccmsider how slowly these animals multiply, these riiiarries of 
nory, as we may Ctall them, must l^ive reipiircd many rentiines for 
their production and .aci 'imidatioii 

J he Slime lakes and n\crs were at this time oiciijiied, also, by the 
Hippopotamus, as jarge and as formidably armed as tli.it now m* 
habiting the A/rii an solitudes , by the two-horned Khinoc eros , 
by three s])ccies of Bos, one of which was hairy and bore a iiinne 
Some Deer of gigantic sue, as compared with living species, boimtlecl 
over the jilains In the same savauahs lived the Rcmclccr, the Stag, 
a HorsQ of small si/e, the Ass, the Bear, and the Roc, for Alamiii.ils 
had Slice ceded the Ichthyosauri of a former age Nevertlitlcss, the 
epoch had its l^iants also A laon, as large as tlie largest of the 
Lions of Africa, hunted its prey m the Biilish jungles Another 
animal of the ferine nice, the Mailunroffw! (h'lg i7yl was prol>.diIy 
tlic most ferocious and destructive of C*arnivorj , bands of lly.enab 
and a terrible Bear, surpassing in si/e that of the Rocky Mountains, 
had established themselves in the caverns, two species of Beavei 
made their appearance on the sca^nc 
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Fiu 179 —A, Tooth of M If h iiiodiK inip(.rri.cl licluw, natural si/c b. oulliiK. of uist of tooth, 
|icrf«.i.l h ilf iMtural -izi. ■ , luuih of AU^aluMuruM, luiiuril &iz>. 

Ihe finilin^j ol the remains of most of these ai^imals in ravems 
was perhaps among the most interesting dist overies of geology 'Fhe 
discovery was ‘first made in the celebrated Kirkdale Cave in York- 
shire, which has been described by Dr Buckland , and afterwards at 
Kent’s Hole, near Torquay ITiis latter pleasant Devonshire town 
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is built in a crcck, shut out from exi>ostire on all sides except the 
south In this creek, hulloued out of the rucks, is the great Assure 
or cavern known as Kent’s Hole , like that of Kirkdale, it has been 
under water, from whence, after a longer or shorter interval, it 
emerged, but remained entirely closed till the inomcnl uhen chance 
led to its discovery. 'I'he principal cavern is 600 feet in length, 
with many ercviccs or fissures of smaller extent traiersing the rock m 
surious directions A bed of hard stalagmite of vcr>'^ ancient forma- 
fion, which lias been again ^coiercd wnth a thin layer of soil, forms the 
floor of the cavern, uhuh is a red sandy cla> hrom this bed of 
red loam or clay was disinterred a mass of fossil bones belonging 
111 extinct spec les of Hear, l.iun, Rhinoceros, Rcindcci, Ikiaver, ancl 

0:11.1. 

Such an assemblage gave itse to all sorts of ronjec hires It was 
generally thought that 4 hc dwelling oi some beasts of prey had been 
discovered, which had dragged the carcases of elephants, deer, and 
others into these c<ivcs, to devour them at leisure Others asked if, 
in some eases, instinct did not imiiel sic k .mimals, or animals broken 
down by old age, to seek such places for the purpose of d>ing m 
quiet , while others, again, suggested that these bones might have 
been engulfed pell-mell in the hole during some ancient inundation 
HoweVer that may be, the remams discovered in these caves show 
that all these Mammals existed at the close of the 'I’ertiary ejioi h, 
and lh.it they all lived in ICiigland. What were the c.iiises which led 
Jo their extinction ? 

It was the opinion of Cuvier ayd the early geologists that the 
ancient species were destroyed m some great and sudden catastrophe, 
fi'oin which npne m.ide their escape Hut recent geologists trace 
their extinction to ^low, succ cssive, and determinative action due to 
Icxal causes^ the; chief one bemg the gradual lowering of the tem- 
perature We have seen that at the beginning of the 'rertiaiy epoch, 
m the older Isocenc age, palms, cxicoa-nuts, and acackoi,, resembling 
those ftow' met w'lth 111 c ountries more favoured by the sun, grew in 
our islaqd 'I'he Miocene flora jireseiits indic.itions of a climate still 
warm, but less tropic al , and the Pli(x.enc period, which follows, 
contains remains which announce an .-ipprcxich to our present 
climate In following the vcgeuible procliictions of the 'I’ertiaiy 
epoch, the botanist meets with the floras of Africa, i 4 >uth America, 
and Australia, and finally settles in the flora of temperate Europe 
Many rireii mstan f.es demonstrate this decreasing temperature, until 
we arriVe at what geologists call the^cicva/ penod — one of the wmters 
of the ancient wurlcL 
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But before entenng on the evidences which exist of the glacial 
era wc shall glance at the picture presented by the animals of the 
period j the vegetable products we need not dwell on — they are those 
of our own era, the flora of temi>erate regions in our own epoch 
The same remark would apply to the animals, but for some signal 
exceptions In this epoch Man appears, and some of the Mammals 
of the last e]ioch, but of larger dimensions, have long disappeared 
The more remarkable of these extinct animals we shall describe as 
we have those belonging to antenor ages^ 'I'hey arc not numerous*, 
those of the Old World being the Mammoth, Elephas pmnigentui , 
the Bear, sJh/uhs . gigantic laon, A//k spe/tM , Hy.ena, 

Ifw'iht prlica , Ox, Jiisoii puscu^y Jios prnm'^mius , the gigantii 
Stag, Cei'i'ii!, migaiems , to which we may add the Di/ior/in ami 
Epiomiit, Mvumg, binls In America there existed m the Quaternar} 
epoih sonic iMlentatcs of colossal dinieiisioiUi and of very peculiar 
striutiirc, these were Mtgtithiiium, Megahnyx, and Mylodon , we 
shall pass those animals in re\ lew, beginning with those of our ow ii 
hemisphere 

The Mammoth, the skeleton of which is represented m Fig i8o, 
surpassed the largest existing Klephants of the tropics in swe, for it 
was fiom sixteen to eighteen feet in height 'I'he teeth, and the size 
of the monstrous tusks, iniuh (lined, and with a spiral turn out- 
w’ards, and wluih were from ten to fifteen feet in length, serve to dis- 
tinguish the Maininoth from the two Elephants living at the present 
da), tlie African and the Indian The form of its teeth permits of 
Its being distinguished irom it<^ ally, the Mastodon , for while the 
teeth ot tlie latter have rough mammillations on their surface, those 
of the Mammoth, like those of the living Indian Islcphant, have a 
broad united surface, with regular furrowed lines of large curvature 
The teeth of the Mammoth are four m number, like the Elephant’s, 
two m each jaw when the animal is adult. Us head is elongated. Us 
forehead (omave, its jaws curved and truncated in front it has 
been an easy task, as we shall see, to re(.ognisc the general form and 
structure of the Mammoth, even to Us skin Wc know beyond a 
doubt that it was thickly covered with long shaggy h.ur, and that a 
copious mane floated upon Us neck and along its back , Us trunk 
resembled that of the Indian Elepliant , Us body was heavy, witli a 
till naked to 'the end, which was lovered with thick tufty hair, and 
its legs were < omparatively shorter than those of the latter animal, 
many of the habits of which it nevertheless possessed. Blumenbach 
gave it the specific name of E/ephas primigeniits 

In all ages, and m almost all countries, chance discoveries have 
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been made of fossil bones of elephants in the soil Pliny has 
transmitted to us a tradition, recorded by the historian 'I'licophrastus, 



who wrote 320 years before Jesus Chnst, of the existence of 
bones of fossil ivory in the soil of Greece, that the bones were 
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sometimes transformed into stones “'I'liese bones,” the historian 
gravely tells us, “ were both bhtek and white, and born of the earth ' 
Some of the elephant’s bones having a sliglit rcsemblance^to those of 
man, they have often been misbikcnfur human bones In the earlier 
histnru times these great bones, accidentally disinterred, hav'e passed 
as having belonged to some hero or demigod , at a later period the) 
were thought to be the bones of giants We h.iv e already sjioken of the 
misLike made b) the (Greeks 111 taking the i>atella of a fossil elephant 
for the knee-bone of Ajas , in the same , manner the bones revealed 
b) an earthquake, and attributed by Phn) to a giant, belonged, no 
doubt, to a lossil elephant To a similar origin ue ma) assign tlu 
pretended body of Orestes, thirteen feet in length, which was dis 


A 
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covered at Tegea by the Siiarlans , those of Asterius, llie son of Ajax, 
discov cred in the Isle of Kulca, of ten cubits in length (about eighteen 
feet), according to Pausanius , finally, sucli were the great bones found 
in the Isle of Kliodes, of vvliuh Phlegon of Tralles speaks in his 
“ Mundus SubteiTanciis ” 

We might fill volumes vvnth the history of the remains of pre- 
tended giants found 111 ancient tombs The books, m'fact, which 
exist, formed a voluminous literature m the middle ages — entitled 
Gtgantology. All the facts, more or less real, true or imaginative, 
may be explained by the accidental discovery of the bones of some 
of these gigantic animals We find m works on (Iigantology, the 
history of a pretended giant, discovered in the 4th century, at 
lYapani in Sicily, of which lloccaccio speaks, and which may be taken 
for Polyphemus , of another, found in the 16th century, according to 
Fasellus, near Palermo, others, according to the same author, at 
Melilli between loiontium and Syracuse, Calatiasi and Petralia, at 
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'.Kh of which places the bones of supposed giants were tlisintcrrcd 
I' Kircher speaks of three other giants being found m Siid>, of 
ttliich only t^je teeth remained perfect 

In 1577, a storm having uprooted an oak near the cloisters of 
Ri'vdcn, in the Canton of laiceme, in SwiUcrland, some large bones 
were exposed to view Seven years after, the celebrated physician 
jiul Professor at Basle, Felix Platen, being at laiccnie, exaniined 
tiu'sc bones, and declared they could only be those of a giant '1 be 
( inincil of Lucerne cxmsentecj to send the bones to Basle fur more 
iniiiutc examination, and Platen thought himself justified in attributing 
to the giant a height of nineteen feet. He designed a human 
"skeleton on this scale, and returned the bones with the drawing to 
1 iicemc. In 1706 there only remained of these bones a portion ol 
me scapula and a fragment of the wnst Ixinc , the anatomist Blu- 
menlxich, who saw them at the beginning of this century, easily 
rciogniscd in them the bones of an Klcphant l.et iis nut omit to 
add, as a complement to this story, that since the sixteenth c enliiry, 
the inhabitants of Lucerne have adopted the image of this fabulous 
giant as the supporter of the city arms 

Si>anish history preserves many stories of giants The suii- 
puscci tooth of St Christopher, shown at Valence, m the chun h 
tledicatccf to the saiat, was certainly the molar tooth of a fossil 
Mophant, and in T789, the canons of St Vincent carried through 
the streets m public jirocession, to jirocure ram, the pretended 
jriiiof-a saint, which was nothing more than the femur of an 
Mejihaiit , 

In France, in the reign of Charles VII (14^6), sonic of these 
bona of imaginofy giants .ippeared in the bed of the Rhone. A 
repetition of the phenomenon occurred near StSint-Peirat, opposite 
\alence, w'hcn the J 7 aupliin, aflcnvanls Loins XI, then residing at 
the latter place,' caused the bones to be gatlicrcd togetber anil sent 
to Boiirges, where they long remained objects of public 1 ijriosity 111 
the intenor of the Samte-Cliapellc^ In 15643 similar discovery took 
I ' iiksce m the^ same neighbourhood Two peasants observed on the 
' Kinks of the Rh6ne, along a slope, some great bones sticking out of 
the ground. They carried them to the neighhoiiniig village, vvhcic 
they were examined by Cass.mion, who lived at Valence It was no 
doubt apropos of this that Cassanion wrote his treatise “^)e (ligaii 
libus" The autheir's description of a tooth aiiiply^ sufheed, 
according to Cuvier, to prove that it belonged to an Llepbant , it 
ivos a foot*in length, and weighed eight pounds. It was also on the 
Ixinks of the Rh 5 ne, hut m Dauphme as we hive seen, that the 
IS * 
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siktiletoii of the famous Teiitohocchus, of which we havi: spoken 111 a 
previous chapter, was found. 

In 1663 Otto von Guericke, the famous inventor of the air-pump, 
witnessed the discovery of the Irenes of an Elephant, buned in the 
shelly limestone, or Muschelkalk Alonj' with it were found its 
enormous tusks, which shoukl have suiheed to establish its zoological 
origin Nevertheless they were taken for horns, and the illustrious 
I.eibnit7 composed, out of the remains, a strange animal, carrying a 
horn in the middle of its forehead, and m each jaw a dozen inblar 
teeth a foot long Having fabricated this fantastic animal, Leibnitz 
named it also — he called it the fossil untconi In his “ Protogisa, ’ a 
work remarkable besides as the first attempt at a theory of the earth,' 
1.eibiiitz gave the description and a drawing of this imagmary animal 
During more than thirty years the unicorn of T.eibnitz was umversallT'' 
accepted thioiighout Germany, and nothir.g less than the discovery 
of the entire skeleton of the Mammoth m the valley of the Unstriit 
was reejmred to produce a change of ojiimnn 'Hiis skeleton was, it 
one e rc< ognised by 'I’ln/el, lihran.in to the Duke of Saxe-Gotha, .is 
th.it of an Elephant, and was csMblished as such , not, however, 
without a keen controversy with adversaries of all kinds 

In 1700 a soldier of Wilrtemberg actirlent.ally observed some 
bones show'ing themselves projecting out of the earth, in an argilla- 
ceous soil, near the < ity of Cansutdt, not far from the lianks of the 
Neckcr Having addressed a report to the reigning Duke, the latter 
caused the place to be excavated, which oiciijned nearly six months 
A veritable cemetery of elephants was discovered, in which were not 
less than sixty tusks 'I'hose which were entire were jireserved , tht 
fragments were abandoned to the court physician, and they became 
a mere vulgar medicine In the last century the fossil bones ot 
beais, winch were .ilmndant in German), were administered in that 
country medicinally, as an absorbent, astringent, and sudonfic It 
was then called by the German doctors the Ebur fossile, or in 
French, Ltcorne fosstle The magnificent tusks of the'Maraniuth 
found at Canstadt helped to combat fever and colic., What an* 
intelligent man this court physician pf Wurtembeig must have been' 

Numerous discoveries like those we have quoted distinguished the 
iStli century, but the progress of science ha.s now rendered such 
mistakes as we have had to relate impossible These bones were at 
length universally recognised as belonging to an Elephant, but eiu 
dition now intervened, and helped to obscure a subject which was 
otherwise perfectly edear Some learned pedant declared that tin: 
bones found m Italy and France were the remains of the Elephants 
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which Hannibal brought from Carthage with the .umy m his expedi- 
tion against the Romans The part of France where the most 
.iniient bon^s of these Elephants were found is in the environs of the 
Rhone, and consecpicntly on the route of the Carthaginian general, 
and this consideration appeared to these terrible s,ivants to be a par- 
liiularly triumphant answer to the naturalist's reasoning Again at 
,1 later penocl, ]3omitius ^'hiobarbus conducted the Carthaginian 
armies, which were followed by a number of Elephants, armed for 
u.ir Cuvier sc<ircely took cthe trouble to refute this insignificant 
()1i|cction It IS merely necessary to read, in his learned dissertation, 
ut the number of elephants which could remain to Hannibal when 
Ik had entered Gaul 

Rut the best reply that can be made to this stmnge objection 
raised by the learned, is to show how extensively these fossil bones 
ot Islejihants are scatterell, not m Euroiie only, but over the world— 
there are few regions of the globe in which their remains arc not 
found. In the north of Europe, in Scandinaiui, in Ireland, in Bel- 
gium, 'in Germany, in C'entral hurope, in Poland, in Middle Russia, 
in South Russia, m Greece, in Itnlj, m Africa, in \sia, and, as we 
have seen, in England In the NewMorld remains ot the Mammoth 
are also met with. What is most singular is that these remains exist 
more esp'ecially in great numbers in the north of Europe, m the 
frozen regions of Siberia- regions altogether uninhabitable by the 
Eleph^it m our days "There is not,” sajs Pallas, “in all Asiatic 
Kiissia; from the Don to the extremity of the promontory of Tchulchis, 
a stream or nver, especially of those which flow m the plains, on the 
Iianks of which some bones of Elephants and other annuals foreign 
to the climate have not been found hut in the more elev ated regions, 
the primitive and schistose chains, Uiey are wantmg, as are marine 
petrifactions JBiit in the lower slopes and in the great muddy and 
s.iii<ly plams, above all, in places which are swept by rivers and 
brooks, they are always found, which proves that we should not the 
less And fliem throughout the whole extent of the country if we Iiad 
the same means of searching for them ” 

Every year in the season when thaw takes place, the vast rivers 
which descend to the Frozen Ocean to the north of Siberia sweep 
down with then waters numerous portions of the banks, and expose 
to view bones buried in the soil and in the excavations 'left by the 
rushing waters Cuvier gives a long list of places in Russia in which 
interesting discoveries have been made of Elephants’ bones , and it is 
rertainly cunous that the more we advance towards the north in 
Russia the more numerous and extensive do the bone depositones 
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become. In spite of the oft-repeated and undoubted testimony of 
numerous travellcis, we can scarcely credit the statements made 
respecting some of the islands of the glacial sea near the Pole, 
situated opposite the mouth of the ]..ena and of the Indighirka 
Here, for example, is an c\tract from " Bilhng’s Voyage " concerning 
these isles The whole island (which is about thirty-three leagues 
in length), except three or four small rocky mountains, is a mixture 
of ice ami sand , and as the shores fall, from the heat of the sun 
thawing them, the tusks and bones of the mammoth arc found m 
great abundance To use Chvoinoff’s ovrn expression, the island is 
formed of the bones of this extraordinary animal, mixed with the., 
horns and heads of the buffalo, or something like it, and some horns 
of the rhinoceros ” ^ 

New Siberia and the Liakhov Islands off the mouth of the river 
Lena, arc, for the most part, only an agglomeration of sand, ice, and 
Klcphants’ teeth At every temiicst the sea casts ashore new quan- 
tities of mammoths’ tusks, and the inhabitants of Siberia carry on 'a 
profitable commerce in this fossil ivory Every year, dunng the 
summer, numerous fishermen’s barks direct their course towards 
this 7 s/e of lionet , and during winter immense caravans take the 
same route, all the convojs drawn by dogs returning charged witli 
the tusks of the Mammoth, each weighing froni 150 to 200 pounds 
The fossil ivory thus withdrawn from the frozen north is imported 
into China and Eurojic, where it is employed for the same purposes 
as ordinary ivory, which is furnished, as wc know, by the Cxistin,' 
Elephant and Hippo|}Otamus'uf .\frica and Asia. 

'I’he Isle of Bones lias served as a (iiiarry of this valuable material, 
for export to ('hin.i, for 500 vears, and it has been exported to 
Europe for upwards of 100 But the supply from these strange 
diggings app.irently remains practically iintlunimEhcd What a 
number of accumulated generations of these bones and tusks does 
not this p'rofiision im]il}' 

It was in Siberia that the fossil Elciihant ret eived the name of die 
Mammotlif and its tusks that of mammoth horns. The celebrated 
Russian savant, Pallas, who gave the first systematic description of 
the Mammoth, asserts that the name is derived from the word mama, 
which in the Tartar idiom signifies the earth According to other., 
the name is derived from belnmoth, mentioned m the Book of J<il> . 
or from the epithet wnihemoth, which the Arabs add to the word “ ck- 
phant,” to designate one of unusual sue A ciinous circumstanie 
enough is, that this same legend ot an animal living exclusively under 
ground exists amongst the Chinese. They call it tun-schn, and WiC 
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road in the great Chinese work on natural history which was 
written in the sixteenth century : "The animal named tuit-schu, of 
which we have already spoken in the ancient work upon the cere- 
monial entitled *Lyki’ [a work of the fifth century liefore Jesus 
('hrist], is called also fyn-schu or yn-scitu, that is to say, the mouse 
tvhtch hides itself It always lives in subterranean caverns , it re 
-.emblcs a mouse, but is of the sue of a buffalo or ox It has no 
till , Its colour IS dark , it is very strong, and excavates aiverns in 
plates full of nx ks, and forces.” Another writer, quoting the same 
pissage, thus expresses himself "The haunts obscure and 

unfrequented places. It dies as soon as it is exposed to the ra>s of 
tlic sun or moon , its feet arc short in proportion to its sue, which 
tauscs It to walk l^dly Its tail is a Chinese ell m length Its eyes 
.iic small, and Its neric short. It is x ery stupid and sluggish. When 
the inundations of the riser Tamschuanu-tuy took place (in 1571), a 
great many fyn-schu appeared m the plain , it fed on the routs of the 
pi lilt fu-kta." 

The existence in Russia of the bones and tusks of the Mammoth 
IS sufiiciuntly confirmed by the following extract from an old Russian 
traveller, Ysbraiid Ides, who, in 1692, was sent by I’ctcr the Great 
as ambassador to the Kmperor of China In the extract which 
follows, Ve remark the very surprising fai t of the discovery of a head 
and foot of the Manimotli which had been preserved in ice with all 
the flesh. " Amongst the hills which are situate north-east of the 
river Rata,” says the traveller, “ the Mammoths’ tongues and legs are 
found, as they are also particularly on the shores of the river Yenisei, 
I'rugan, Mongamsea, Lena and near Yakutsk, even as far as the 
Frozen Ocean In the spring, when the ice of this river breaks, it is 
driven in such vast quantities and with such force by the high 
swollen waters, that ft frequently carries very high banks before it, 
.ind breaks oil the tops of hills, which, falling down, discover these 
animals w'hole, or their teeth only, almost frozen to the earth, which 
thaw by degrees I had a person with me who had annually gone 
out in search of these bones , he told it to me os a real truth, that 
he and his comixinions found the head of one of these animals, 
which was discovered by the fall of such a frozen piece of earth, 
.^s soon as< he opened it, he found the greatest part of the flesh 
rotten, but it was not without difficulty that they broke oht his tc'eth, 
which were placed in the fore part of his mouth, as those of the 
Elephants are, they also took some bones out of his' head, and 
afterward^ came to his fore foot, which they cut off, and carried jiart 
of it to the city of Trugan, the circumference of It being as large as 
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that of the wai'it of an ordanary man. The bones of the'’ head 
appeared somewhat red, as though they were tinctured with blood. 

“ Concerning this animal there are very different reports. The 
heathens of Yakuts, Tungus, and Ostiaks, say that they 'hontinuall>, 
or at least, by reason of the very hard frosts, mostly live under 
ground, where they go backwards and fonvards , to confirm which 
they tell us, that they have often seen the earth heaved up when one 
of these beasts was upon the march, and after he was passed, the 
place sink in, and thereby make a deep pit They further believe, 
that if this animal conics so near to the' surface of the frozen earth as 
to smell the air, he immediately dies, which they say is the reason 
that several of them are found dead on the high banks of the river, 
where they unawares tunic out of the ground 

“This IS the opinion of the Infidels Lonceming these beasb 
wliic h .are never seen , 

“ lint the old Siberian Russians afiinn that the Mammoth is \cry 
like the Elephant, vVlth this difference only, that the teeth of the 
former are firmer, and not so straight as those of the latter. 'They 
also are of opinion tliat there were Elephants m this country before 
the Deluge, when this climate was warmer, and that their drowned 
bodies, floating on the surface of the water of that flood, were at 
last washed and forced into subterranean cavities , but that after 
this universal deluge, the air, which before was warm, was changed 
to cold, and that these bones have lam frozen in the earth ever 
sime, and so are preserved Ironi putrefaction till they thaw-, and 
come to light, which is no very unreasonable conjecture, thouglf it 
IS not absolutely necessary that this climate should have been warmer 
before the Flood, since the carcases of the drowned elephants vv ere very 
likely to float from other places several hundred miles distant to this 
country in the great deluge which covered the surface of the whole 
earth. .Some of these teeth, which doulitless have lain the whole 
summer on the shore, are entirely black and broken, and can nev er 
be restorecl to their former condition Ihit those which are found m 
good cose, are as good as ivory, and are accordingly transported to 
all parts of Muscovy, where they arc used to make combs, and all 
other such-hke things, instead of ivory 

“ The above-mentioned person also told me that he once found 
two teeth iif one head that weighed above twelve Russian pounds, 
which amount to four hundred Clerman pounds', so that these am 
mills must "of necessity be very large, though a great many lessti 
teeth are found. By all that I could gather from the heathens, no 
person ever sav^ one of these beasts alive, or can give any account ot 
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its shape ; so that all we heard said on this subject arises from bare 
(dOjecture only,” 

It IS possible this recital may seem suspicious to some readers 
We have odrsclves felt some difficulty in believing that this head and 
foot were taken from the ice, with the flesh and skin, when i\c con 
sider that the animal to which they belonged has been e\tinct 
probably more than ten thousand years But the assertion of 
Vsbrand Ides is confirmed by respectable testimony of more recent 
date. In 1787 a Russian naturalist, Clabnel Sarytschew, travelled 
in northern Siberia. Havitl^ arrived m the neighbourhood of the 
l^mzen Ocean, he found upon the banks of the Alascya, which dis- 
( barges itself into the sea, the entire body of a Mammoth enveloped 
in a mass of ice. 'J'he body nas m a complete state of ])reser\atioii, 
fur the permanent contact of the ice had kept out the air and pre- 
vented decomposition .It is uell known that at /cio and below it 
animal substances will not putrefy, so that in our households we can 
preserve all kinds of animal food os long as w 9 can surround them 
with 'ice, and this is precisely what happened to the Manimotli 
found by Gabriel Sarytschew m the ice of the Alaseya 'The rolling 
waters had disengaged the mass of ice which had imprisoned the 
monstrous iiachydenn for thousands of years The body, in a < om- 
plote state of preservation and covered with its llesli as well as Us 
entire hide, to whicli long hairs adhered 111 certain places, found 
Itself, again, nearly erect on its four feet. 

'ACichael Adams, an Knglishman, in 1806 made a discovery quite 
as* extraordinary as the preceding We boriow his account from a 
jiaper by Dr 'I'llesius in the “ Memoirs of the Imperial Academy of 
Sciences of St Petersburg" (vol v) In 1799 a 'I'angusian chief, 
Ossip SchummakhofT, while seeking for mammoth teeth on (he banks 
of the lake Onkoul, perceived among the blocks of icc a shapeless 
moss not at all resembling the large pieces of floating wood which 
are commonly found there The following year lie noticed that 
this masowals more disengaged from the bloiks of iic, anVl had two 
projecting parts, but he was still unable to make out what it could 
be. Towards the end of the following summer one entire side of 
the animal and one of his tusks were quite free from the ice But 
the succeeding summer of 1802, which was less warm and more 
windy than common, caused the Mammoth to remain IJUried in the 
ice, which had scarcely melted at all At length, towards the end 
of the fifth year (1803), the ice between the earih and thb Mammoth 
having irieltcd faster than the rest, the plane of its support became 
inclined, and this enormous mass fell by its own lyeight on a bank 
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of sand In the month of March, 1804, SchumakholT cut off the 
horns (the tusks), which he exchanged with the merchant Bultunot 
for goods of the value of fifty roubles (nor quite eiaht pounds 
sterling) It was not till two years after this that Mr Adams, of the 
bt Botcrsbuig Academy, who was travelling with Count (lolovkin 
sent by the Crar of Russia on an cmliassy to China, having been 
told at Yakutsk of the discovery of an animal of extraoi^inar) 
magnitude on the shores of the Froren Ocean, near the mouth of the 
river Lena, betook himself to the place He found the Mammoth 
still in the same plaie, but altogether mutilated The Yakuts of 
the neighbourhood had cut off the flesh, with which they fed their 
dogs , wild beasts, such os white bears, wolves, wolverenes, and 
foxes, had also fed upon it, and traces of their footsteps were seen 
around The skeleton, almost entirely cleared of its flesh, remained' 
whole, uith the excejition of tine ftire-lcg ,'J'hc spine of the back 
one s(j|iuln, the jiehis, and the other three limbs were still helil 
together by the ligainents ,ind by ])arts of the skin , the other scapul,'i 
was found not far off 'I'lic head was 1 tivered \\ ith a dry skin', one 
of tlie cars was furnished with a tuft of hairs, the lulls of tlie eyes 
were still distinguishable , the brain still occupied the cranium, but 
seemed dried up , the point of the loner l.p had been gnawed and 
the upper hp had been <lcstro>cd so as to cyposc the teeth , the 
neck nas fiiriiishcd nilh a long flowing mane, the skin, of a dark- 
grey (oloiir, (u\ered with hlatk haiis and a reddish wool, was so 
heavy that ten persons found gre.it dilfitiilly in tninsporting it toThe 
shore There w.is ( ollected^ rccxirding to Mr Adams, more than 
thirty-six pounds’ n eight of hair and w ool which the white bears had 
trod into the grouml, wlulc devouring the flesh This Mammotli 
was a male so fat .and well fed, acconhng to the assertion of the 
Tungusian chief, that its belly hung down below the joints of its 
knees Its tusks were nine feet six inches in length, measured along 
the curve,, and its licad without the tusks weighed 414 jiciinds 
avoirrltipois 

Mr Adams took every care to collect all that remained of this 
unujuc specimen of an anc lent creation, and forwarded the jiarts to 
St Petersburg, a distance of 11,000 versts (7,330 miles) He suc- 
ceeded m re-purchasing what he lielieved to be the tusks at Yakutsk 
and the Eijpcror of Riissu, who became the owner of this precious 
relic, paid him 8,000 roubles 'Hie skeleton is deposited m the 
Museum of the Academy of St Petersburg, and the skin still remains 
attached to the head and the feet “We have yet to fitad," says 
Cuvier, “ any individual equal to it” 
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Beside the skeleton vf tins &nious Mammoth there is placed 
that of an Indian Elephant, and another Elephant witli skin and hair, 
order that the visitor may have a proper appreaation of the vast 
proixirtions'* of the Mammoth, as compart with them Pi ai» XXV I , 
on the opposite imgc, represents the saloon of the Museum of St. 
Petersburg, which contains these three interesting remains 


m 


if- 






Fig 189 —Mammoth restored 


Since Adams’s time, animals, more or less imperfect, have been 
frequently found in Siberia, and so many tusks are disinterred that 
It is calculated fully 20,000 individuals must within the last twenty 
years have contributed to the total amount of ivory marketed. In 
i860 a great number of bones of the Mammoth, with' remains of 
Hyana, Horse, Reindeer, Rhinoceros mcgarhinus, and Bison, were 
found in .Belgium in dicing a canal at Lierre, in the province of 
Antwerp. Fig. 182 represents a restoration of the Mammoth. 
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We cannot doubt, after such testimony, of the existence ift the 
frown north of the almost entire remains of the Mammoth. The 
animals seem to have perished suddenly, enveloped in ice at the 
moment of their death, their liodies have been preserved from de- 
composition by the continued action o£ the cold If we suppose 
that one of those animals had sunk into a marsh which froze soon 
afterw'ards, or had fallen accidentally mto the crevasse of some gla- 
cier, It would be easy for us to understand how its body, buried 
immeduLtely under eternal ice, had remained there for thousands ot 
years nithout undergoing decomposition.** 

In Cuvier’s great work on Fossil Bones he gives a long and minute 
enumeration of the various regions of Cermany, France, Italy, and 
other countries, which have furnished in our days bones or tusks of 
the Mammoth We venture to quote two of these descnptions —m- 
“In October, 1816,” he says, “there was , discovered at Seilberg, 
near Canstadt, in Wurtemberg, near which some remarlrable dis- 
covenes were made m ryoo, a very remarkable deposit, which the 
king, Fredenck I , caused to be excavated, and its contents collected 
with the greatest care We are even assured that the visit which the 
prince, in his ardour for all that was great, paid to this spot, ittgra- 
vated the malady of which he died a few days after. An officer, 
Herr Natter, commenced some excavations, and in fouT'^md'twenty 
hours discovered twenty-one teeth or fragments of teeth of elephant, 
mixed with a great number of bones The king having ordered him 
to continue the excavations, on the second day they came upon a 
group of thirteen tusks heaped close upon each other, and albng with 
them some molar teeth, lying Us if they had been packed artificially 
It was on this discovery that the king caused himself to be transpotted 
thither, and ordered all the surrounding soil to be dhg up, and every 
object to be carefully preserved in its original position The largest 
of the tusks, though it hail lost its points and its rbots,' ivas still eight 
feet long and one foot in diameter. Many isolated tusks were also 
found, witK a ipiantity of molar teeth, from two inches- to, a foot in 
length, some still adhering to the jaws All these fragments were 
better preserved tiun those of 1700, which was attributed to the 
depth of the bed, and, perhaps, to the nature of the soil The tusks 
were generally much curved In the same deposit some bones of 
Horses and jStags were found, together with a quantity of teeth of the 
Rhinoceros, and others which were thought to belong to a Bear, and 
one specimen which was attnbuted to the Tapir. Tbe place where 
this discovery was made is named Seilbeig , it is about 600 paces 
fiom the aty of Canstadt, but on the opposite side of the Necker. 
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“ All the great nver basms of Germany have, like those of the 
Necker, yielded fossil bones of the Elephant, those especially 
abutting on the Rhine are too numerous to be mentioned, nor is 
Canstadt the only place in the valley of the Necker where they are 
found ” 

But of all parts of Europe, that in which they are found in 
fp^atest numbers is the valley of the Upper Amo We find there 
j. jierfect cemetery of Elephants, 'lliese bones were at one time so 
(ommon in this valley, that the peasantry employed them, indis- 
criminately with stones, in constructing walls and houses Since 
they have learned their value, however, they reserve them for sale to 
travellers 

The bones and tusks of the Mammoth are met with in America 
*as well as in the Old World, scattered through Canada, Oregon, and 
the Northern States a.S‘ far south as the Gulf of Mexico Cuiier 
enumerates several places on that continent where their remains arc 
met with, mingled with those of the Mastodon. The Russian 
Admiral Kotrebue found them on the north cuiast of America, in 
the cliffs of frozen mud in Eschscholtz Bay, within Behrings Strait, 
and m other distant parts of the shores of the Arctic Seas, where 
they were so common that the sailors burnt many pieces m tlicir 
tires ' ® 

It IS very strange that the East Indies, that is, one of the only two 
regiops which is now the home of the Elephant, should be almost the 
o^y country in which the fossil bones of these animals ha\e not been 
discovered In short, from the preceding cmmieration, it appears 
that during the geological period whose history wc are recording 
tlie gigantic Mammoth inhabited most regions of the globe Now-a- 
clays, the only climates which are suited for the existing race of 
Elephants ore those of Africa and India, that is to say, tropical 
countries, from which we must draw the conclusions to which so 
many other inferences lead, tliat, at the epoch in which these animals 
lived, tile temiierature of the earth was much higher than m our 
clays , or,, more probably, the extinct race of Elephants must have 
been adapted for living in a colder climate than that which the> now 
require. 

Among the antediluvian Carnivora, one of the most formidable 
seems to have been tlie Urstts spelaus, or Cave bear (Fig 183) 
This species must have been a fifth, if not a fourth, laiger than the 
Brown Bear of our days. It was also more squat sonic of the 
skeletons we possess are from nine to ten feet long, and only about 
.six feet high. The U spdaus abounded in England, France, Belgium, 
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and Germany, and so extensively in the last country, that the 
teeth of the antediluvian Bear, as we have already stated, fonned for 
a long time part of its materia medica, under the naiqe of fossil 
unicorn Fig. 183 represents the skull of the Cave bear. 

At the same time with the Utms speiaus another Carnivore, the 
Fells spdteus, or Cave lion, lived in Europe This animal is speci- 
fically identical with the living Lion of Asia and Africa but since in 
those early times he had not to contend with the hunter for food, he 
was, on the whole, considerably larger ;than any Lion now existing 
on the earth 

The HyeCnas of our age consist of two species, the striped and the 
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spotted IlysEiias The last presents considerable conformity in its 
strut ture with that of the Fost-xiliocene period, whu h Cuvier design 
nates iindci the name of the fossil Spotted Uya;na It seems to 
have been. only a little larger than the existing species Fig 184 
represents the head of the /fyteiia sfehea, whose remains, with those 
of others, were found in the caves of Kirkdale and Kent's Hole , the 
remains of about 300 being found in the former Dr. Buckland satis- 
fied himself, from the quantity of their dung, that the Hysenas had 
lived there In the cave were found remains of the ox, young 
elephant, rhinoceros, horse, bear, wolf,' hare, w-atcr-rat, and several 
birds. All the bones present an appearance of liaving been broken 
and gnawed* by the teeth of the Hysenas, and they occur confusedly 
mixed in loam or mud, or dispersed through the crust of sfalogmite 
which covered the contents of the cave. 
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The Horse dates from the Qiiaternary epoch, if not from the last 
period of the Tertiary epoch. Its remains arc found in the same 
rocks with, those of the Mammoth and the Khtiioccros. It is dis- 
tinguished from our existing Horse only by its si/e, which was 
smaller — its remains abound in the Post-pliocene rocks, not only in 
Europe, but in America , so that an aboriginal Horse existed in the 
New World long before it was carried thither by the Spaniards, although 
we know that it was unknown at the date of their arrival “ Cer- 
tainly It IS a marvellous fac( in the history of the Mammalia, that in 
South America, a native horse should have lived and disapppcared, 
to be succeeded in after ages by the countless herds descended from 
the few introduced with the Sixinish colonists 
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The Oxen of the period, if not identual with, were at least very 
near to our' living speiies 'Hicre were three species the /inou 
priscus, B primtgemusj and B Pallasu , the first with slender legs, 
with convex frontal, broailer than it was high, and differing but 
slightly from Aurochs, except in being taller and by having laiger 
horns. The remamb of Bison prisms are found in England, I' ranee, 
Italy, Germany, Russia, and America Bison primigenius w'xs, 
according to Cuvier, the source of our domestic cattle The Bos 
Pallasu IS found m America and in Siberia, and reseitiblcs in many 
respects the Musk-ox of Can.uia 

Where these great Mainiiuls are found we gcnerally'discover the 
fossil remains of several species of Deer The ptalaeuntulogu al 
* “ Darwin's Journal," p 



400 


TUP. WOtiIJ> BRFOkB THE DELUGE. 


question as regards these animals is very obscure, and it is often 
diffitult to detennine whether the remains belong to an extinct or an 
existing species. This doubt does not extend, howeiaer, to the 
gigantic Irish Elk, Cervus in^^cueros, one of the most magnificent of 
the antedilu\ian animals, whose remains hre still frequently found in 
Ireland in the neighbourhood of Dublin j more rarely in France, 
Germany, Poland, and Italy Intermediate between the Fallow-deer 
and the Klk, the Cen'ns uuga^eros partakes of the Pllk in its general 
proportions and in the form of its rraqium, but it approaches tHe 
Fallow-deer in its size and in the disposition of its horns These 
magnificent appendages, however, while they decorated the head of 
the animal and gave a most im]iosing appearance to it, must have 
sadly impeded its progress through the thick and tangled forests of 
the ancient world 'I’lie length of tliese horns was between nine and* 
ten feet, and they were so divergent thail, measured from one 
extremity to the other, they occupied a sjiace of between three and 
four y.irds 

The skeleton of the Cervus tn^aeeros is found in the deposits of 
calcareous tufa, which underlie the immense peat moss of Ireland , 
sometimes m the turf itself, as near the Curragh in Kildare ; m which 
{losition they sometimes occur in httle mounds piled up in a small 
space, and nearly always in the same attitude, rthe head aloft, the 
neck stretched out, the horns reversed and thrown downwards towards 
the back, as if the animal, suddenly immersed in marshy grojund, 
had been under the necessity of throwing up its head m seariHi Qf 
respirable air In the Geological (’alnnet of the Sorbonno, at Pans, 
there IS a magnificent skeleton of Cervus tuegacrros , another belongs 
to the College of burgeons in Izmdon , and there is n third at 
\ lenna, besides fine sixicimens in Edinburgh and Cambridge. 

The most remarkable creatures of the period, however, were the 
great Edenpites — the Glyptodon, the gigantic Megatherium, the 
Mylodon and the Megalonyx The order of Edentates is nfore par- 
ticularly characterised by the absence ol teeth in the fore ps^rt of the 
mouth 'rhe mastic ating apparatus of the Edentates consists only of 
molars, the incisors and canine teeth being, with a few exceptions, 
absent altogether, as the animals composing this order feed chiefly 
on insects or the tender leaves of plants 'live Apnadillo, Anteater 
and Pangolin, are the living examples of the order We may 
add, as still ’further cliaractenstics, largely developed claws at the 
extremities of the toes 'J'hc order seems thus to establish itself as a 
zoological link in the chain lietween the hoofed MaiYnnals and the 
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ungulated animals, ur those armeil with claws All ttiese aniiniils are 
peculiar to the continent of Amenca 

The Qlyptodon^ which appears during the Quaternary period, 
belonged to the family of Artnadilloes, and their most remarkable 
feature was the jiresence bf a hard, scaly shell, or coat of mad six 
feet in length, and composed of numerous segments, which covered 
the entire upper service of the animal from the head to the tad 
It was, in ^ort, a mammiferoiis animal, which appears to have 
b'een enclosed in a shell Jike that of a Turtle , it resembled in 
many respects the Diuypt/t or Anteatcr, and had sixteen teeth 
111 oath jaw. These teeth were channeled laterally with two broad 
and deep grooves, whuh divided the surface of the molars into 
three parts, whence it was named the Glyptodon The hind 
*feet were broad and massive, and evidently designed to support a 
vast incumbent mass') it presented phalanges armed with short 
thick and depressed nads or claws The animal was, as we have 
said, enveloped in, and protected by, a cuirass, or solid cani[iace, 
composed of plates which, seen from beneath, appeared to be 
hexagonal and united by denticulated sutures . above they represented 
double rosettes, llic mbitat of Glypto^n ciavtpes was the pamjias 
of Buenos Ayres, and the banks of an affluent of the Rio Santo, 
near Monte Video j specimens have been found not less than nine 
feet in length 

The tes.se 1 ated carapace of the Glyiitodon was long thought to 
belong to the Megatherium, but Sir Rich Owen shows, from the 
anatomical structure of the (wo animals, that the cuirass belonged to 
one of them only, namely, the Glyptoilon 

The ScliisUiplmron does not differ essentially from the Glyptodon, 
hut IS supposed to have been a different species of the same genus, 
the chief diffcren(.e between the two animals being in the stiiicture of 
the tad, which is massive in the first and in the other comixised of 
lialf a score of rings In otlier respects the organisation and habits 
are siinilar,‘both being herbivorous, and feeding on roots and vege- 
tables Fig 186 represents the Schtstopleuron typus restored, and as 
It appeared when alive 

^me of the fossil Tortoises discovered m the sub-Himalayan 
beds possessed a carapace twelve feet long by six feet in breadth, 
which must have corresponded to an animal from eighteen to twenty 
feet in length , and the bones of the legs were as inassivje as those of 
the Rhinoceros 

Mfgatha mm, or Animal of P.iragiiay, as it was called, is, at 
first view, the oddest and most rcimirkablu animal we have yet had 
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under ronsideration, where all luve been, according to our notions, 
strange, extraordinary, and formidable. The animal creation still 
goes on as if~ , 

Natua made tliem and then broke the dies.” 

If we cast a glance at the skeleton figured on the opposite page 
(Plaie XXVII ), which was found m Paraguay, at Buenos Ajrres, in 
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1788, and which is now placed, in a perfect state of preservation, in 
the Museum of Natural History in Madrid, it is im^xissible to avoid 
being struck with its unusually heavy form, at once awkward as a whole, 
and ponderous in most of its parts It is allied to the existing genus 
of Sloths, which Buffon tells us is “of all the animal creation that 
which has received the most vicious oiganisation— a being to which 
u ^ forbidden all enjoyment , which has only been cre;atcd for 
hardships and misery ’ This notion of the romantic Buffon is, how- 
ever, altogether incorrect. An attentive examination of the Amtnalqf 
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Pffr^ttay shows that its oi]gani<hition cannot be considered either odd 
nr awkward when viewed in connection with its mode of life and 
individual habits The special urganisatiou which renders the move- 
ments of the Sloths so sluggish, and apiiarently so painful on level 
ground, gives them, on the other liand, marvellous assistance when 
they live in trees, the leaves* of which constitute their exclusive food 
In the same manner, if we consider that the Megatherium was created 
to burrow m the earth and feed upon the roots of trees and shrubs, 
every organ of its heavy frame would appear to be perfectly appro- 
priate to Its kind of Jife, and well adapted to the special purpose 
wliich was assigned to it by the Creator. We ouglit to pl^e the 
Megathenum between the Sloths and the Anteaters Like the first, it 
usually fed on the branches and leaves of trees ; like the latter, it 
Jiurrowcd deep in the soil, finding there both food and shelter It 
was as large as an Elephant or Rhinoceros of the largest species 
Its body measured twelve or thirteen feet in length, and it was be- 
tween five and six feet high I'he engraving on {lage 403 (Fi atk 
XXyil.) will convey, more accurately than any mere verbal descrip- 
tion, on idea of the form and proportions of the animal 

The English reader is chiefly indebted to the ^eal and energy of 
Sir Woodbine Parish for the nmtcnals from which our naturalists 
have been enabled to re-construct the history of the Megathenum 
The remains collected by him were found in the river Saltido, whiih 
runs through the flat alluvial plains called Panipa.s to tlie south of the 
city>of Buenos Ayres A succession of three unusually dry seasons 
hod lowered the waters to such a degree as to expose i>art ot the pelvis 
to view, as the skeleton stood upnglit in the mud forming the bed 
of the nver Further inqiiines led to the discovery of the remains 
of two other -skeletons near the place where the first had been 
found , and with them an immense shell or carapace was met with, 
most of the> bones associated with which crumbled to pieces on ex- 
posure to the air. 'i'he assc*ous structure of this enormous animal, 
as furn}shed by Mr. Clift, an eminent anatomist of ftic day, and 
under whose superintendence the skeleton was drawn, must have 
exceeded fourteen feet in length, and upwanls of eight feet 111 height 
The deeply shaded parts of the figure show the portions which are 
deficient in the Madrid skeleton 

Cuvier pointed out that the skull very much resembled that of the 
Sloths, bat that the rest of the skeleton liore relationship, partly to 
the Sloths’, and partly to the Anteaters 

The large bones, which descend from the zygomatic arch along 
the cheek-bones, would furnish a powerful means of attaching the 
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motor muscles of the jaws 'Fhe anterior part of the muzzle is 
fully developed, and riddled with holes for the passage of the nerves 
and vessels which must have been there, not for a trunk, which 
would have been useless to an animal furnished with a' very long 
neck, but for a snout analogous to that ofithe Tapir. 



Fig 1S6 — skeleton of Mcgathcniiin foteehoneiieil 


The jaw and dental apparatus cannot be exactly stated, “because 
the number of teeth in the lower jaw is not known The upper jaw, 
Sir Rich. Owen has show'n, contained five molars on each side ; and 
from compansen and analogy with the Scefulot/termm it may be con- 
jectured that Af^aifieituMihaA four on each side 'of the lower jaw. 
Being without 'incisors or canines, the structure of its eighteen molars 
proves that it was not carnivorous • they each resemble the coiAposite 
molars of the KlephanW 
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The vertebne of the neck (as exhibited in the foreshortened figure, 
Fig 186, taken from the work of Pander and D' Alton, and showing 
nearly a front view of the head), as nell as the anterior and postenor 
LXtremities'of the Madrid skeleton, although powerful, are not to be 
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compared in dimensions to those of the other extremity of the body ; 
for the head seems to have been relatively light and defenceless 
The lumbar vertebra: increase in a tlegree corrcspuhding to the 
enormous enlargement of the pelves and the posterior members 
The vwrtebne Of the tail arc enonnoiis, ai is seen m Fig 187, 
which represents the bones of the pelvis and hmd foot, discovered by 
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Sir Woodbine Parish, and now in the Museum of the College olF 
Surgeons If we add to these osseous organs the muscles, tendons, 
and integuments whuh covered them, we must admit that the tail of 
the M^iUha mm could not be less than two feet in diameter It is 
probable ..hat, like the Armadillo, it employed the tail to assist in 
supporting the enormous weight of its ixxly , it would also be a 
formidable defensive organ when employed, as is the case with the 
Ptingolms and Crocodiles. The fore feet would be about three feet 
long and one foot broad. They would form a powerful implement 
for excavating the earth, to the greatest depths at which the roots of 
vegetables penetrate The fore feet rested on the ground to their 
full length. Thus solidly supported by the two hind feet and the tail, 
and in advance by one of the fore feet, the animal could employ the 
fore foot left at liberty in cleanng away the earth, m digging up the , 
roots of trees, or in tearing down the branches , the toes of the fore 
feet were, for this purpose, furnished with lai^ and pow'erful claws 
which he at an oblique angle relatively to the ground, much hke the 
burrowing talons of the mole 

The solidity and swe of the pelvis must have been enormous , its 
immense iliac bones are nearly at right angles with the vertebral 
column , their external edges arc distant more than a yard and a half 
from aach other when the animal is standing. I'he femur is three 
tunes the thickness of the thigh-bone of the Klephant, and the many 
peculiarities of structure m this lione appear to have been intended 
to give solidity to the whole frame, by means of its short and massive 
proportions The two bones of tlie leg arc, like the femur, short; 
thick, and solid, presenting proportions which wc only meet with in 
the Armadilloes and Anteaters, burrowing animals with which, as we 
have said, its two extremities seem to connect it 

The anatomical oiganisation of these members denotes heavy, 
slow, and powerful locomotion, but solid and admirable combina- 
tions for supporting the weight of an enormous sedentary creature , 
a sort of excavating machine, slow of motion but of mcalpulable 
power for its own pur^ioscs In short, the M^i/urtum exceeded 
in ihinensions all existing Edentates It had the head and shoulders 
of the Sloth, the feet and legs combined the charactenstics of the 
Anteaters and Sloths, of enormous size, since it was at least twelve 
feet long when, full grown, its feet armed with gigantic clawrs, and its 
tail at once a means of supporting its huge body and an instrument 
of defence ^n animal built with such massive proportions could 
evidently neither creep nor run , its walk would be excessively slow 
But what necessity was there for rapid movement m a being only 
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occupied m burrowing under the earth, seekmg for roots*, and which 
would consequently rarely change its place ? What neetl had it of 
agility to fly from its enemies, when it could overthrow tlie Crocodile 
with a sw&p of Its tail ? Secure from the atUcks of other animal^ 



Fig iSa— Megithenum icsloreil 


this robust herbivorous creature, of which iMgiirc 188 is a restora- 
tion, must have lived peacefully and respet ted in the solitary paniixib 
of America. ' 

'I'he immediate cause of the extinction of the Megathenum is, 
probably, to be found in causes which arc s>till in operation in South 
America. The penod between the years 1827 and 1830 is called 
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the “ gran seco,’' or the great drought, in South America ; "and 
according to Darwin, the loss of cattle in the province of Buenos 
Ayres alone ivas calculated at 1,000,000 head One proprietor at San 
Pedro, in the middle of the finest pasture country, had Ifist ao,ooo 
cattle previously to those years “ I ,was informed by an eye> 
witness," he adds, “ that the cattle, in herds of thousands, rushed into 
the Paranh, and, being exhausted by hunger, they were unable to 
crawl up the muddy banks, and thus were drowned The arm of the 
river which runs by San Pedro was so full of putnd carcases, that 
the master of a vessel told me that Ae smell rendered it quite 
impassable All the small nvers became highly saline, and this 
caused the death of vast numbers in particular spots , for when 
an animal drinks of such water it does not recover. A/ara describes 
the fury of the wild horses on a similar occasion: rushing into the. 
marshes, those which arnved first being ov^whelmed and, crushed 
by those which followed " * 'llie upright position in wbich the 
various specimens of Megathena were found indicates some such 
cause of death , as if the ponderous animal, approaching the banks 
of the nver, when shrunk within its banks, had been bogged m soft 
mud, sufficiently adhesive to hold it diere till it perished 

lake the Megatherium, the Mylodon (Fig. 1891 resembled the 
Sloth, and it belonged exclusively to the New World Smaller than 
the Megatherium, it dilfercd from it chiefly in the* form of the teeth. 
These organs presented only molars with smooth surfiices, indicating 
that the animal fed on vegetables, probably the leaves and tender 
buds of trees. As the Mylodon presents at once hoofs and c]aw% 
on each foot, it has been thouglft that it formed the link between the 
hoofed or ungulated animals and the Edentates. Three species are 
known, which lived in the pampas of Buenos Ayres 

In consequence of some hmts given by the illustrious AVash- 
ington, Mr. Jefferson, one of his successors as President of the Uniteil 
States, discovered, in a cavern of Western Virginia, the bones of a 
species of gigantic Sloth, which he pronounied to be the remains of 
some carnivorous animal They consisted of a femur, a humerus, an 
ulna, and three claws, with half a dozen other bones of the foot 
These bones Mr. Jefferson believed to be analogous to those of the 
lion. Cuvier saw at once the tnie analogies of the animal The 
bones w'erc tife remains of a species of gigantic Sloth , the complete 
skeleton of which w'as subscriuently discovered m the Mississippi, in 
such a perfect state of preservation that the cartilages, still adhering 

* " Journal of KcscarclKS,” Si*. , and ed , p 133 Charles Darwiu. 
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to tbe bones, were not decomposed. Jefferson called this siiecies the 
M^alonyx. It resembled in many respects the Sloth. Its size was 
that of the Iai]gest ox ; the muzzle was pointed , the jaws were armed 
with cyliifdrical teeth , the anterior limbs mudi longer than the pos- 
terior , the articulation of the foot oblique to the leg , two great toes, 
short, and armed with long and very powerful cbws , the index finger 



Fig 189. -Myloilon robustus. 


more slender, and armed also with a less powerful clai\ , the tail 
strong and solid : such were the salient points of the organisation of 
the Megalonyx, whose form was a little slighter than that of the 
M^athenum, 1 

ITie country in which the Megatherium has been found is desenbed 
by Mr Darwin as belonging to the great Pampean foimation, which 
consists partly of a reddish clay and in jtari of a highly calcareous 
marly rock Near the coast there .arc sonic plains formed from the 
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wreck of the upper plain, and from mud, gravel, and sand thrown up 
by the sea during the slow elevation of the land, as shown by the 
raised beds of recent shells At Punfci Alta there is a highly-interest- 
ing section of one of the lafcr-formed 
little plains, 411 iihich many remains of 
these gigantic land animals have been 
found 'I'liese were, says Mr iJanvin — 

“ hirst, parts of three heads and other 
bones of the Megatherium, the huge 
dimensions 6f which are expressed liy 
Its name Secondly, the Megahnyx, a 
great allied animal Thirdly, the 
Sa/utotJurium, also an allied animal, 
of whuh I obbuned a nearly perfect* 
skeleton it mii^t have been ^s large 
as a rhinoceros, m the structure of 
Its head it comes, according to Pro- 
fessor Owen, nearest to the Cape 
Anleatcr, but in some other respects 
tt appmadies to the Annadilloes 
Fourthly, llic MyMm Danvimi a 
closely related genu^s, of little infenor 
si/c Fifthly, another gigantic edental 
(iuadrui>ed Sixthly, a laigc animal 
with an osseous loat, m comjxirt' 
ments, very like that of an armadillo* 
Fig igoL— Luwer jaw uf ihc Mylodon Seventhly, an extinct kind of horse 

Kighthly, a tooth of a luchydermatous 
animal, probably the same w ith the Macrauchcnia, a huge beast with 
a long neck like a camel lastly, the Toxodon, perhaps one of the 
strangest animals ev er disi'overed , in si/e it eijualled an Idephant or 
Megatherium, but the stnutiirc of its teeth, as Professor Owen states, 
proves indisplitably that it was intimately related to the (Inaw'ers, the 
order which, at the ])resent day, indudes most of the smallest 
quadrupeds, in many details it is allied to the pachydennata, fudging 
from the position of its eyes, cars, and nostrils, it was probably aquatic, 
like the Dugong and hlanatee, to which it is allied How wonder- 
fully are the different orders — at the present time so well separated— 
blended togeth’er m different points in the stniclure of the Toxodon 
'i'hc remains on which our knowledge uf the SccluMAerium is 

“ Journ il <if Researches, ” &.C., by Charles Danv.n, p 8i 




ANIMATS OF THP. POST-FUOCP\R FPRIOli 413 

founded include the cranium, which is nearly entire, with the teeth 
and part of the os hyoides, seven cervical, eight dorsal, and five 
sacral ve 4 ebrm, both the scapuLe, and some other bones 'I'he 
remains of the cranium indicate that its general form was an elongated 
slender compressed cone, beginning behind by a flatted vertical 
liasc, expanding slightly to the cheek bone, and theme contracting 
to the anterior extremity (Fig 191) All these parts were discovered 
^ their natural relatuc positions, indic^iting, as Mr Darwin observes, 
that the gravelly formatiou m which they were discovered had not 
been disturbed since its deposition 



Fig igr -Skull of Scclidothoriiini 


• The lower jaw'-bonc of Mylotlon, winch Mr D.irwin discovered 
at the base of the cliff called l*unta Alta, in Northern Patagonia, 
had the teeth entire on both sides , they are implantcil in deep 
sockets, and only about onc-sixth of the first molar projei ts above the 
alveolus, but the proportion of the exposed part ini reases gradually 
in the inner teeth (Fig 190) 

“The habits of life of these Megatheroid animals were a com- 
plete puz/le to naturalists, until Professor Dwen solved tlie iirobleni 
with remarkable ingeiuiity 'Hie U*eth indicate, by tlieir simple 
stnicture, that these Megatheroid animals lived on \ egetablc food, and 
probably on the leaves and small twigs of trees , their ponderous 
forms and great strong curved claws seem so little adapted for 
lo(X)motion, that some eminent naturalists liavc ac tually believed 
that, like tlie Sloths, to which they are intimately related, they sub- 
sisted by climbing back downwanls, on trees, and feeding on the 
leaves It was a bold, not to say preposterous idea to conceive 
even antediluvian trees with branches strong enough to beat 
animals as laige as elephants Professor Owen, with far more pro- 
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bability, believes tlut, instead of climbing on tfie trees, they pulled 
the branches to them, and tore up the smaller ones by the 

roots, and so fed on the leaves 'I he colossal breadth and weight 
of their hinder quarters, which can liordly be imagined without 



I'lg Kja — l>]iiomi8 nnd Dos. 


having been seen, become, on this view, of obvious service instead 
of being an ^cunibrance , their apiiarcnt clumsiness disappears 
With their great tails and their huge heels firmly fised like a tnpod 
m the ground, they could freely exert the full force of their most 
powerful arms and great claws The Mylothn, moreover, was fur- 
nished with a long extensile tongue, like that of the giraffe, which by 





—Ideal Eiiropeag Landitcape in the laternary £psch 


POST-PUOCRNE PhRIOn 

one ^ those beautiful provisions of Nature, thus reaches, with the 
aid of Its long neck, its leafy food 

Two gigantic birds seem to have lived m New Zealand during 
the Quaternary epoch. The Dimmu, which, if we may judge from 
the tibia, which is upwards *of three feet long, and from its eggs, 
w hieh are much larger than those of the Ostrich, must have been of 
most extraordinary size for a bird In Pig 192 an attempt is made 
to, restore this “fearfully great bird,” the J^morms As to the 
Epiotnis, its eggs only have been found 

On the opposite page (Pi.xiE XXVHI ) an attempt is made to 
, rejiresent the appearance of Plurope during the cjioch we have under 
consideration. The Bear is seated at the mouth of Us den the 
rave (thus reminding us of the origin of its name Utsm \^iitens), 
irhere it gnaws the bones of the Klcphant Above the caisrn the 
Hytcua sptlaa looks ouP, with savage eye, for the moment when it 
mil be prudent to dispute possession of these remains wiib its for- 
midable rival The great Irish Elk, with other annuals of the epot Ii, 
iKcupies the farthest shore of a lake or marsh, where some siiull 
lulls rise out of a valley crowned with the trees and shrubs of the 
period Mountains, recently tipheaved, nse on the distant hon/on, 
covered with a mantle of frozen snow, reminding us that the glai lal 
' period IS approaching, and has already begun to manifest itself 

All these fossil bones, belonging to the great MtSinmalia which wc 
have ^een describing, are found in the Quaternary formation , but the 
ni^st abiuvdant of all are those of the Islephant and the Horse '1 he 
estremc profusion of the bones of thu Maiiimuth, crowded into the 
more recently formed deposits of the globe, is only surpassed by the 
proiligious quantity of the bones of the Horse w hu h are buried in the 
same beds The singular abundance of the remains of these two 
animals provg;* that, during the Quaternary epoch, the earth gavj 
nourishment to immense herds of the Horse anil the P^lcphant It is 
probable that from one jiole to the other, from the equator to the two 
extremities of the axis of the globe, the earth must have formcxl a vast 
and boundless praine, while an immense carpet of verdure covered 
its whole surface , and such abundant pastures would be absolutely 
necessary to sustain these prodigious numbers of herbivorous animaLs 
of great size. 

The mind can scarcely realise the immense and verd.Mit plains of 
this earlier world, animated by the presence of an iiifiiijty of such 

* “Jouinol of Researches,” &c., by Charles Darwin, Snd ed , p 8l 

. 14 . 
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iiihaljitants In its biiniing tcmiieratun:, Pai.riydi.rnis of monstrous 
ionns, Init of peaceful habits, traversed the tall vegetation, ium]M)sed 
of grasses of all sorts Deer of gigantu. si/e, their lieads ornaincnted 
with enormous horns, escorted the heavy herds of the "Mammoth , 
while the Horse, small in si/e and taimpacl of fomi, galloped and 
frisked round these magnificent hon/onsof verdure which no human 
eye had yet contemplated 

Nevertheless, all was not (iuiet<md tranijiiil in the landscapes of the 
am lent world Vorat ions and formidable cariiivoioiis animals w’aged 
a bloody war on the inoffensive herds *rhe Tiger, the I . ion, and the 
feroiioiis Hyaena, the Hear, and the Jackal, there selected their prey 
On tlie opposite (mge .in endeavour is made to rejiresent the great ■ 
anini.ils among the Kdentates which inhalnted the Amern an plains 
during the Quaternary ejioch (Pi air XXIX) We observe theic 
the (ilyptodon, the Megatlieriuin, the Mylodgn, and, along^ith them, 
the Mastodon A sm.all Aiie (the Ortliopithecus), whu h first a])peared 
in the Miocene jieriod, occu]iics the branch of a tree m the landscape 
'Ihe vegetation is that of tro]iical America at the present time. • 

'I'he tleposils of this age, whuh are of l.ilcr dale than the Crag, 
.and of earlier d,atc than the Tloulder Clay, with iLs fragments of rocks 
fre(|uently transjiorted from great distances, a^e classed under the " 
term “ prc-g1a( lal ” 

After the deposition of the Forest Bed, which is seen overlying 
tha Crag for miles betw’een high .and low water mark, on the shore 
west of Cromer, in Norfolk, there was a general reduction of tehi- 
perature, and a period of mteifkc cold, know'n as the "glacial period,” 
seems to have set in, during which a great part of what is now the 
British Islands was covered with a thick coating of tee, and probably 
united with the Continent, 

At that time hngland south of the Bristol Channel i(the estuary of 
the Severn) and the Thames appears to have been above water 
'Phe northern jiart of the c ountry, and the high ground -generally of 
Britain and Ireland, w.is covered with gliding glaciers, by whose 
grinding action the whole surf<ice liecaiiie moulded and wdm into its 
present shape, while the floating iccliergs whuh broke off at the sea- 
side from these glaciers conv eyed away .ind dropped on the bed of 
the Sea thoje fragments of rocks and gravel and other earthy ma- 
teruls whieh are now generally recognised as gbcial at cumulations 

In all directions, however, proofs are being gradually obtained 
that, about that period, movements of submersion under the sea were 
m progress, all north of the I'hames 
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Ramsay points out indications, first of an intensely cold period, 
when land was much more elevated than it is now , then of siibmcr- 
guice bene;ith the sea , and, lastly, re elevation .u tended by glacial 
action “ AVhen we speak of the vegetation anil qindriipeds of 
C'omer Forest being pre-gla«ul," says Ljell, “v\e merely mean 
iliat fheir formation jireceded the era of the general siibiiiergeni e of 
ihe British Isles beneath the waters of the glacial sea 'I’he siw.<cssi\e 
cliuiosits seen in direct superposition on the Norfolk coast,” adds Sir 
Lnarlcs, “ imply at first the jjrevalence over a wide area of the Newer 
Pliocene Sea. Afterwards, the berl of the sea was converted into 
dry land, and underwent several oscillations of level, so as to be, 
first, dry land supporting a forest, then an esliiarv , then again 
liiid , and, finally, a sea near the mouth of a river, till the downward 
ITiovement bet ame so great as to convert the whole area into a sea 
of considerable depth, tn which much floating ice, carrying imid, 
sand, and boulders melted, letting its buithen fall to the bottom 
J'nially, over the till with boulders stratified drift was formed , alter 
which, blit not until the total subsulcni c amounted to more than too 
loot, an upward movement began, which re-clevaled the whole 
< oiintry, so that tlic lowest of the terrestrial formations, or the forest 
bed, was brought u]) to nearly its pristine level, in sue h a manner 
■is to be exposed at i low tide Both the desc ending and ascending 
movement seem to have been very gradual ” 
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Tnr 'I’crlMr) formation'll iii man) |wrts of luiropc, of more or less 
extent, are to\ oral li) an art uniiilation of heterogeneous tlciiosiii,* 
filling u]) the \nlle)s, aiul eomposcfl of very various materials, eon 
sisting mostly of fragments of the neighbounng rocks Tlje 
erosions which we remark it the liuttoins of the hills, andwhuh 
have greatl) enlarged alrcad) existing valleys , the mounds of gravel 
act immlaud alone ]iuint, and vvhuh is turmed of rolled materials 
that IS to say, of fragments of rovks worn smooth and round hy coii- 
tmii.ll friction during a long |>liich|, in which they have been traiis- 
]>ortfd (rom one point to another all these signs indnale that these 
denudations of the soil, these dis]il i< ements and transport of ver\ 
heavy bodies to great dist inc es, are due to the virdent and sudden, 
action ot large ciiireiits ol w.itii An immense vv.ive has been 
thrown siiildeiilv on the siirl.icc o) the earth, making great ravages in 
its passage, furrowing the eaith and driving beiore it ile'l>ris< of all 
sorts in Us disorderly course* (leologisls give tin name of ifihn’inm 
to .1 formatioii thus removed and scattered, which, from its hetero- 
geneous nature, brings under oiir e*yes, as il were, the rapid passage 
of an inipetiioiis torrent a phenomenon which is commonly ileug 
liated as a tii/nge 

'1 o w hat c .iiise are vv c to attnbutc tlicse sudden anil apparently tem- 
porary invasions of the earth’s surface by rapid e orients of water? In 
all probabdity to the uiihcavalof some vast extent of dry kiid, to the 
formation of some nioimtain or mountain-range m the neighboiirhoud 
of the sea, or even in the bed of the sea itself 'fhe land suddenU 
elevated by an upward movement of the terrestrial mist, or by the 
formation of ndges and furrow s at the surface, has, by its reaction, 
violently agUatecl the waters, that is to say, the more mobile portion ol 
tile* globe Jty this new impulse the waters have been thrown with gre.il 
vioicne e ov'‘r the earth, iniindalmg the plains and valleys, and for the 
moment covering the sod with their furious waves, mingled with the 
earth, sand, and iimd, ol vvhuh the devastated districts have been 



FUKOPtAN DPI UOPS. 


423 


denuded by their aDni])t invabion 'I'lie phenomenon has been 
'.lulden but brief, like the upheaxal of the mountain or chain of moiin- 
t mis, which IS presumed to have been the cause of it , but it was 
oltcn repealed witness the lalleys which oicur in every countrv, 
i's|)eL Killy those in the neighboitrhouil ot J.jons and of the Durance 
'Ihese strati indicate as mail) sin < cssu c deposits besides this, the 
(lisolacenieiit of blocks of minerals from their normal position is 
jiroof, now perfectly recognis.ible, of this great phenomenon 
• 'I'liere have been, doubtless, during the epotlis anterior to the 
OiKilcrnary ])eriod of wliich’we write, manj deluges siuJi as we are 
considering Mountuus and chains of mountains, through all the 
.igch we liave been describing, were formed hj- upheaval of the c rust 
into ridges, where it was too clastic c>r too thick to be fractured 
kKh of these subterranean comniotions would be jirovocative of 
niomentaty irruptions o^the waves 

but the visible tcstinuiny to this phenomenon, the Iiv ing proofs 
of this denudation, ot this tearing awa) ol the soil, are found no- 
where so strikingly as in tlie beds supcnm]iosecl, fai and near, upon 
llie Tertuir> foimations, and which bcir the* geological name ot 
tiilin'ium This tcim was long cniplojed to clc signate what is now' 
iKtUr known as the hoiiIdcT" foniiation, a gkic ul deposit which is 
iliiindanl in Kiiropejiorth of the Soth, and in \iiicric,a north of the 
‘jSth, pardlol, and rc -appearing again in the soiitliern lieinis] there , 
Inn altogether ahsciU 111 tropical leginns It cemsists of sand anil 
1 1 1\, Sometimes sinilitied, inivecl with rounded and angular fragments 
of rock, generally derived from the same district, and its origin 
lias ggiicrallj been ascribed to a scrlbs of diluvial waves raised by 
luimc.ines, earthipiakes, or the sudden upheaval c^f land from the 
lied of the sea, whu li luid swept over c ontinents, larrjiug with them 
vast masses of mud and heavy stones, and forcing these stones over 
rocky siirfacA so'as to polish and impress them with turrows and 
strijc Other .tin umst.inees oeeurred, however, to establish a con- 
nection between this formation and the glacial dnft 'I'lie si/e .iiid 
number of the erratic blocks merCtise as we travel towanls the An tic 
regions', *bomc intimate association exists, therefore, between thi< 
fonnatioii and the accumulations of ice and biiow which c harai tense 
the approaching glac lal period 

As we have .dready stated at the beginning of tins c'haptcr, there 
IS very distinct evidence of two successive deluges m our hemisphere 
during the Quaternary epoch. 'I'lie two iiKiy be dislmgiiishecl .is 
the JRiif^/vari ancl the Ana/u 'I'lie two luiropcan deluges 

occurred prior to the appearance Qf man , the Asiatic deluge 
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happened after that event , and the human race, then in the early 
days of its esistence, rcrt.iinly snifered from this cataclysm In the 
present diajiter we confine oiirsehes to the two catacl^’sms which 
overwhelmed Km ope in tile (Quaternary epoch 

'I'he first occ Hired m the north of Krtrojie, where it w'as produced * 
by the uplicaval of the inotintiins of Norway Commencmg in 
Scandinavia, the w'ave spread and carried its ravages into those 
regioiib w'hiih now constitute Swetlen, Norway, European Russia, 
and the north of Germany, sweeping bef9re it all the loose soil on the 
burfaie, and covering the whole of Scandinavia — all the plains and 
valleys of Northern Europe — with a mantle of transported soil As the , 
regions in the midst of which ths great mountainous upheaval 
occurred — as the seas surrounding inese vast s]iaces were partly 
frozen and covered with ice, from their elevation and neighbourhood 
to the Pole the wave which swept these coicntrics c:amed along with 
It enomioiis masses of ice 'Khc shock, produced by the collision of 
these several solid blocks of frozen water, would only contnbute to 
inc rense the extent and intensity of the ravages occasioned l>y this 
violent coitaclysm, winch is represented in Fr.AiK XXX 

The physical proof of this deluge of the north of Rw ope exists in 
the nc cumiilatioii of iinstmtiiied de^iosits which covers all the plains and 
low grounds of Northern Europe On and in tins deposit are found 
numerous blocks which have received the characteristic and sig- 
inficaiit name of erratic blocks, and which are frequently o( i,on- 
sicleralile size 'I'hcsc bee cine more charac tenstic as we ascend to 
higher latitudes, as in Norwa)r, Swreden, and Denmark, the southern 
borders of the Ualt'c, and in the British Islands generally, in all of 
whic h c ountnes deposits of manne fossil shells ocxiir, whic h prove 
the submergence of large areas of Scandinavia, of the Bntish Isles, 
and other regions during parts of the glacial period Some of these 
rocks, characterised as erratic, arc of very cxinsiderable volume, such, 
for instance, is the granite block which forms the pedestal of the 
statue of f etcT the (Ireat at St Peterslniig This block was found 
in the interior of Kussia, where the whole formation is Permian, and 
its presence there can only be explained by supposing it to have been 
transported by sqme vast icebeig, enmed by a diluvial current 
Tins liypothcsis alone enables us to account for another blcxdc of 
granfte, weij^hing about 340 tons, which was fecund on the sandy 
plains in the north of Prussia, an immense model of which was made 
for the Berlih Museum The last of these erratic blocks deposited in 
Germany covers the grave of King Gustavus Adolphus, of Sweden, 
killed at the liattle of Lutaen. in 1632 He was interred beneath the. 
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roik’ Another similar hlork has hcen raiseil in (icrman) into a 
iiiDiiiiinent to the geologist ].capu 1 il \on ISiii li 

'riiesc erratic lilorks whu h arc met with in the jiliins of Russia, 
Roland, and Rrussia, and in the eastern parts oi Kngland, are com 
])Obcd of rocks entirely foreign to the region where tluy are found 
They belong to the primary rocks of Norwaj , the> Iiaie been 
tiansported to their present sites, pnitcrted by a coicring ot 11 e, by 
the waters of the nortliem deluge Ifow vast must h.i\c been the 
iini»ulsive force which could cAiry such enormous masses ac'ross the 
Ikiltic, and so far inland as Aieplac es where tlic> have been deposited 
for the surprise of the geologist or the contemplation of the thoughtful ' 

'Fhe second European deluge is su]jpubcd to ha\e been the result 
vf the formation and upheaval of the Alps It has filled with debris 
and transported maten^l the valleys of h ranee, ('lemian), and Italy 
o\er a circumference which has the Al|»s for its centre 1 he proofs 
of a great convulsion at a comi>arati\ely rei enl geological dale are 
niunerous The Alps may be from eighty to 100 miles aiross, and 
the probabilities are that their csisicnce is due, as Sir Charles la ell 
supposes, to a succession of unecjiial nVAumcnts of upheaval and 
subsidence, that the Ai])ine region had been e\]iosed lor 1 oiintless 
.iges to’tlie a< tion ofrain and rivers, and that the larger v.dlcv'. were 
ot pregkieial tunes, is highly protKiIile in tlie eastern part ol the 
iliain some of the rriinaiy tossihleioiis rot ks, is well .ns Oolitii and 
Crett.ct-'OH'* rocks, and even Tertiary deposits, .iie obsmable , hut in 
tile central AIiis these ilisappear, and inou recent rocks, iii some 
)il.uc> even Eocene stiata, graduate iiito uictamorphic locks, in whuli 
Dolitic , Cret.nceoiis, and Imu eiie strata have been altered mto granulai 
marble, gneiss, .iiid uthei mctaiuorphic sc lusts , show ing th.it eruji- 
tions camtiniied after the deposit of the Middle 1 ''oc enc formations 
Again, in the ’Swiss and Savoy Alps, Oolitic and Cretaceous formations 
have been clev^nted to the height of 1 2,000 feet, and h oc cue str.it.i 
10,000 feet 'above the level of the sea, w'hile in the Rotlul, in the 
llernese Alps occurs .a mass of gneiss t,ooo feet thick between two 
stnita conlaimng Oolitu fossils 

Besides these jiroofs of recent upheaval, wc r.nn tr.ic c lIIcc Is of two 
cliiTerent kinds, resulting from the jwwcrful .ai tioii of m.i.sses ot water 
violently displaced by tins gig.aiitic uphcMv.il At fust broad tracks 
have been hollowed out by the diluvial w.ives, whu h h.ivc, at these 
]M>mts, formed deep valleys. Afterwards these \ alleys" h.avc been 
tilled up by materials derived from the mountain and transported into 
the valley, these materials consisting of rounded pebbles, argillaceous 
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and sandy nuid, gcnur.dly calcareous and rernferous This double 
efferl is e\hil)ited, witli more or less ilistinianess, in all the great 
vallcjs of the centre anfl south of France The \ alley of the 
(jaronne is, in respect of these phenomena, classic ground, as it 
were ‘ 

As we leave the little town of Muret, three succcssne levels mil 
be observed on the left bank of the (laronnc 'I'lic lowest of the 
three is that of the \alky, jiroperly so railed , while the loftiest 
coiTes])onds to tlie plateau of .^int-daudens These three levels 
are disliin tly marked in the Touloiise.in country, whn h illustrates 
the diliiMal phenomena in a remarkable fashion The city of 
Toulouse reposes upon a sliglit cmineiu e of diluvial formation The 
Hat diluvial plateau contrasts strongly with the rounded hills of 
(lasrony and J^anguedoi 'Ihej are essentially constituted of a beiT 
of gravel, foimed of rounded or oval iiebbks, and again covered 
with s.indy and earthy deposits 'I'he jicbbles arc pnncipiilly <iuarl/ose, 
brow 11 or black estcrnalh, inised with poitions of hard “ Old Red" 
and New Red .Sandstone 'Hie soft earth wliic h arconip,inies the 
])cbbles and gravel is a niistuic of argillaceous sand of a red or 
yellow colour, caused bj the osidc of inin which enters into its 
composition In the valUv proi>cilv so called, we find the pebbles 
.igun .assoc i.atod with otiui minerals which are rare at the highei 
levels Some teeth ol the ^^.ullmoth and R/iinociio\ //c/ftv ///////*, have 
been found at several poinis on the liorclers of this v.nlley 

The small vallews tiiluitar) to the prmiip.il valley, would .appear 
to have been excavated sec onclprily, parllj out of cliluvial deposits, 
and tlieir alluMum, esseiiti.illy earthy, has been formed at the 
expense* of the 'leiti.irv formalioii, and even of thg diluvium itself 
Among other celebrated sites, the diluvial formation is laigely 
develoiioil in .Sk ilv 'I he* ancient temple* of fhe* Parthenon at 
Athens is built on an emmem e* forme'd of diluvial earth. 

In the Viilley of the* Klime, in AKic e, and in m.any isokated parts 
of Kiiropc, a jiarticiikir sort of forms tliiek beds', if consi .ts 

of a j ellow isli-grey mud, romposed of argilkic eons matter nyxed with 
carbonate of lime, cpuirt/ose and micarcous sand, and oxide of iron 
This mud, termed by geologists attains m some places consider- 
able thickness It IS re*c ognis.ible in the neighboiiiboocl of Paris 
It rises a liftle both on the nght and left, above* the b.ase of the 
nioiinl.iins of the Hkick Forest and of the Vosges, and forms tlnek 
beds on the* banks of the* Klime 

The fossils contained m diluvial deposits consist, generally, of 
terrestrial, ku ublrme, or fluviatile shells, for the most [>art belonging , 
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to stX’cies btill living. In jiarls of the valley of the Rhine, lx 
tween Hingen and Ba&le, the duviatilc loam or loess, now iiiuler 
< onsideration, is seen forming hills sevci.n! hundrcil feet thiek, .'ind 
lonlaining, here and there, diroughoiit that thiikiiess, land .ind fresh- 
M.'itc^' shells , from which it seems ne< (.ss.iry to suppose, aciordiiig to 
J.ycll, first, a time when the loess w.as slowly acciimiilaled, then a 
later period, when large portions of it were removed , followed by 
iijovements of osullalion, consisting, first, of a general depression, 
and then of a gradual rc-elesntion ot the land 

iVe have already noticed the caverns in which sm h cstraordin.nry 
accumulations of animal remains were dis< overed it will not he out 
of place to give here .1 resunx of the stale of our knowledge 1 uii- 
cermng boHi taves and bone Iikhms 

The CCI7VV are not simply cavities hollowed out ot (he rock, 
they generally 1 onsist eft numeious chainhcrs 01 caccins cominuiii 
rating with each other hy narrow iMss.iges (olton of < oiisicK rahlc 
length) whieh can only he traversed hy creeping One 111 Mcmco 
extends several leagues Perh.i|>s the most reniarkahlu m Kiirope is 
that of Oailenrenlli m hraneunia The Hart/ moiint.uiis conUiiii 
many fine caverns , among others, those of Scharrtcld and JUvinMn's 
IIoIU, ip which many bones of Hyainas, IJeais, and l.ions have been 
found together Tht Kukdalc CVirv, so well known from the descri|>- 
tiun given of it hy Dr Jluckland, lying about twenty -live miles noilli 
nortij-cast of Yoik, was the Iniruil-plac c, as we have staled on p.ige 
398, of at least 300 Hy.cnas that were .all of different ages , besides 
containiiig some other remains mostly teetli (those ol (he lly.i'iia 
evoi^ted) belonging to ruminating aiinnals lliickland states that 
the bones of all the other animals, those ol the Ilyamas not l\i epled, 
were gnawed He .'Iso noticed a jjarlial jiolish .ind wearing aw.iy to 
a considerable depth of one side ol many of the best prescued 
spc'cimeiis of teeth and bones, wlinli can onlj he accoiinteil lor 
hy relcrring, the iiartial destruction to the contiiiiial Ire.whng ol the 
Hyamas,' and the riihbingof their skin on the' sick lli.il l.iv i]|'peimo<]l 
at the bottom of the den 

hrom these f.icts it would a]*peni prcih.ilile Ih.il the ( .i\e at 
Kirkdale w'as, “during a long succession ol ye.us, iiihabited as a den 
by Hyajnas, and that they dniggcd into its recesses the oilier annnni 
bodies, whose remains are found mi\icl indisc riiiiin.itely with then 
own."* 'I'liis conje’ctiirc is made almost ceitoii hy the discoveiy 
• 

* “Keli'iui.u DiluvijLiiJC,” I)}' the Klv \V lliiekljiiil, 1823 |i 19 
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made by Dr Bin klniul of many coprolites of animals that had fed on 
bones, .as well as traces of the fre<|uent ]>a!isage of these animals to 
or from the entrance of the tavern or den A modeih n.itiira1i'l 
visiting the C.ivcrn of Adelsbcig, in Crtrniola, traversed a. senes of 
chambers extending over thr^e Icsagues in the s.iine direction^ ami 
was only stopped in his siibtcrrune.in discoveries by coming to a lake 
which occupied its entire breadth 

The interior w’alls of the bone caves are, m general, rounded ofl 
and furrowed, presenting many traces oP the erosive action of water, 
characteristics which frequently escape observation because the walls 
are covered with the calcareous dejjosit called stalmtite or stalagmik 
— that IS, with carbonate of lime, resulting from tlie deposition left 
by water filtering through the overlying limestone into the interior 
of the c.avcrn 'Ihc formation of the st.ilactite, with which many of 
the bones were m< rusted in the Cave of ('lailenreuth, is thus described 
by I.icbig 'I he limestone over the cavern is covered with a rich 
soil, in which the vegetable matter is cnntmiially dec.iying 'I'liis 
mould, or lumiiis, being acted on by moisture .and air, evolves car 
boiiii .khI, which IS dissolvcsl b) r.un ’I'he r.nn-wntcr thus impreg- 
nated, ]ierme.Uing the porous limestone*, dissolves.! portion of it, and 
afterwards, when the exicss of carbonu .uid ev.ipor.ites . in the 
c.ivenis, p.irts with the (ahaicoiis matter, .iinr forms r/rt/dr/M — the 
stal.u tiles being llic pendent in.isscs of carlion.ite of lime, wine h bang 
in picturesque forms either m continuous sheets, giving the c.ivj; .md 
Its sides the aiipc.anin(c ot being hung with drapery, or like ii irles 
suspended from the roof of the cave, through which the water pen o 
lates , while those formed on the siirf.irc of the floor form stti/agnutf 
These « .alrarcous imidiic ts orn.amcnl the walls of these gloomy caverns 
in a most brilliant and ]iicturesc|iie manner 

Under a < oveniig of stakigmite the floor of the cave frciiucnlly 
presents de])osils of mud .and giavel It is m cxc.avaling tins 
soil tb.it the bones of anicaliluvuin animals, mixed •witji shells, 
^.agments of rocks, and rolled jiebbles, .irc discovered The clistri 
biition of these bones in the niuldlc of the gravelly argill.ii,c.oiis mud 
IS as irregular as possible 'I’hc skeletons are rarely entire , the 
bones do not even oc cur in their natiind positions The hones ol 
small RodeiVs .ire found acciimnl.itc’d in the crania of gre.it Carnivora 
'llie teeth oY Bears, H)a:nas, and Rhinoceros are cemented with 
the jaw-bonc’s of Ruminants 'I'he bones .irc very often polished 
and rounded as if they had been transported from great distanc es , 
others are lissiired , gthers, nevertheless, ire sr.ircely altered Their 
state*Of nreserv.iticjii vanes with their pusitioi^iii the cave 
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'I'hc bones most frequently found in caves arc those of the Car- 
nivora of the Quaternary epoch the Hear, Hyaena, the Lion, <iiid 
'I'lger. The animals of the plain, mid notably the great Pachyderms 
- the Mammoth and Rhinoceros — are only very rarely met with, and 
always in small numbers From the cavern ofGailenreiith more than 
a thousand skeletons have been taken, of which 800 belonged to the 
large Ursus spelatts^ and sixty to the smaller siiecies, with 300 
Ifysenas, Wolves, laons, and Gluttons. A jaw of the Glutton was 
foiind by Prof McK. Hughes, of Cambridge, m a case in the Moun- 
tain limestone at Plas Heaton, associated with Wolf, Ihson, Rein- 
deer, Horse, and Cave Bear , proving that the Glutton, which at the 
present day inhabits Siberia and the inclement northern regions of 
J^airojic, inhabited Great Britain during the Pleistocene or (Quater- 
nary Penod in the Kirkdale t ave the rem.nns, as we have seen, 
mcludeif those of not Itfss than 300 llyamxs of .ill .iges Dr Ihu k- 
land concludes, from these cm umstanres, lh.it the 1 lyainas .ilone 
made this their den, and tluat the bones of other animals an iinuilated 
there had been carried thither by them as their pre> , it is, howeser, 
now agreed that this jiart of the English geologist’s i on< lusions does 
not apply to the contents of all bone c.ives In some instances the 
bones pf the Mammals are broken and worn as with a longtransiioil, 
rolled^ according Uf the leTliiiic«il geologir.il esjiressioii, .niid linnlly 
( eniented in tlie same imiil, ti^ethcr with fr.agmciils of the roi ks 
of t|;ie neighbourhood iSesiduj bones of lly.eiias, are found not 
only* the bones of inofTensivc lierlmora, but remains oi Lions and 
Bears Similar facts might be .uMiu chI IVom many other i averns 
Wo ought to note, in order to m.tke’ tins exjtlanalion c omjilelc, 
that some geologists consider that these cases sersecl .is a refuge for 
sick .mil wmindc'd aniimls. It is certain tl1.1l we sev, in oiir own 
days, some ammals, when .'ill.icked by sickness, seek refuge in I he 
fissures of rocks, or m the hollows of trunks of trees, wheTe they 
die, to thvs natural impulse it ma} , }irob.ibly, be .iseribed tli.it the 
skeletons of ahimals are so rarely found in forests or jikmis W'e may 
conclude, then, that besides the more general mode in winch these 
caverns were filled with bones, the two other causes wine h we li.ivf 
enumerated may have been m ojicratioii , 1l1.1t is to s.i}, they were 
the habitual sojourn of carnivorous and destriii live animals, and they 
beeanie the retreat of sick anim.ils on some jurlii iikir oec asions 
What was the origin of these cav cs ? How have these immense 
excavations been produced?^ Ne.arly all these r.ues occur in lime- 
stone rocks, particularly in the Junissu and Carboniferous forma- 
tions, which present niany vast subterranean caverns At tli«-same 
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time some line ( a\e'- exist in the Silumn formation, sucli as the Giolto 
ties Demimelles fl'ig 79 () near Ganges, of lleranlt It should he 
added, in order to complete the explanation of the cave formations, 
that the greater {Tart of these vast internal excavations lias been 
chiefly caused by subterranean waterccAirscs, which have eroded 
and washed aniy a portion of the walls, and in this manner greatly 
enlarged their original dimensions 

But there are other inodes than the above of accounting, in a more 
satisfat tor}' manner, for the existence of these raves A< cording to hir 
('harles I.ycll, there was a time when (as now) limestone rocks were dis- 
soKed, and when the carbonate of lime was carried away gradually 
by springs from the interior of the earth , another era occurred when 
cngiilfed rivers or oc tasional floods swe])t organii and iiiorganu diMins 
into the subterranean hollows previously formed , finally, tlicre were* 
rh. nges, in which cngul fid rivers were turned ;nto new ihannels, .ind 
springs lined up, after wlimli the «a\e mud, brci i la, gravel, and fossil 
bones were left in the position m whi< h they are now disf overed “ We 
know,” says that eminent geologist,*" “that in every limestone dis- 
trict the rain-water is toft, or free from earthy ingredients, when it 
tails upon the soil, and when it enters the rucks below , whereas it is 
hiud, or charged with carbonate of lime, when it issues again to the 
fitirfac c in springs The rain derives some of its t arbomc ac lil from 
the air, but more from the decay of vegeLd>le matter in the soil 
through whu li it jierc olates , and by the exc ess of this and, limestone 
IS dissolved, and the water becomes charged with carbonate of ImiCi^ 
The mass of solid matter silently and unceasingly subtracted m this 
way from the rocks in every cenluiy is considerable, and must in the 
course of thousands of years be so vast, that the space it once occu- 
pied may well be exiiressed by a long suite of c avenis ’’ 

The most celebrated of these bone caves are thoic of Gailcnrcuth, 
in Tranconia , of Nabcnstcin, and of Bniinberg, in the same country , 
the caves on the banks of the Mciisc, near lacge, of which the late 
Dr Schmcrlihg examined forty , of Yorkshire, Devonshire,' Solncrsct- 
shire, and Derbyshire, in England , also several m Sicily, at l^alermo, 
and Syracuse, in France at llc^raiilt, in the Cdvennes, and tranche 
Comte' , and in the New World, in Kentucky and Virginia 

'Fhc ossiferout breccias differ from the bone caves only in form 
The most rem;jrkahlc of them are seen at ('ette, Antibes, and Nice, 
on the shores of Itab , and in the isles of Corsic a, Malta, and Sardinia 
Nearly the* same bones .ire found in the bn\tia which we find in 


• “ J:.lLini.nl» vf |i 123 
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the raves, the chief ihfTerenre being that fussilsot the Kiiniiiuuliare 
there in greater abundance The proportions of bones lo tlie frag- 
ments of btoiie tiud cement vary cuiihiderably m diltcrcnl luialities. 



tig I<J4 — (<ruUMdi.iiDi.iiiviM.IIes, IKniult 


In the hiaciii of Cagliari, where the remains of Rnmih.ints arc less 
abundant than at (iibr.iltnr and Nwe, tlie bones, wliuK arc those of 
the small Rodents, .ire, so to speak, more abundant th.in the iiiiiil in 
whuh they .ire embedded We find, there, also, three or four sjiec les 
of Birds mIiicIi bcloit|g to 'I'hrushes aiul I«iiks In the futeci’ .it 
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Nice the remains of bome great Carnivora arc found, among nhirli 
are recognised two species of Lion and Panther. In the Crotto di 
baii'Ciro, in the Monte Gnlfonc, about six miles from Palermo, in 
Sinly, Dr Falconer collected remains, of two siiccies of Hii> 
|X)[X)tamus and bones of EUphas a/Unj/m, Bos, Stag, Fig, Bear, 
Dog, and a large EeitSt some of which indicated a Pliocene age 
Like many others, this cave contains a thick mass of bone breccia on 
its floor, the Ixines of which have long been known, and were for- 
merly supposed to be those of giants; while Prof. Ferrara suggested 
that the Elephtints’ bones were d ic to the Carthaginian elephants 
imported into Sicily for purposes of sport.* 

But the dreaia is not confined to Europe We meet with it in all 
parts of the globe , and discoveries in Australia indicated a for-, 
mation corresponding exactly to the ossiferous hreem of the Mediter- 
ranean, in which an ochreous-rcddish cement binds together fragments 
of rocks and bones, among which we find four s|)eLics of Kangaroos 


* Qjuail 'Jour I, to/ iof , 1S59, 
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'Pill* two cataclysms of winch wc have spoken siirpnseil I‘‘niopc at 
the moment of the tlcwelopmenl of an imporUiiU iie.ition 'I lie 
^ whole scope of animatLil Nature, the cvolntion of 4 immals, was 
suddenly arrested in that |urt of oiir luMinsphere o\i.r whnh these 
^i^'antu convulsions sprc.id, ioiloucsl hy the hrul hiif suildcn sul;- 
iiiersuin of entire continents Orjcami lite had siaicely lecinered 
from the violent shock, when a second, and perhaps siverei hlow 
assailed it 'Plie northern and cciUial p.irls ol iMirope*, the >ast 
countries winch cstcncl from .Scandm.iMn to the Mediteir.iiii in .md 
the Daniihe, were visited h> a |Kriod of suclden .mci severe cold 
tiie temperainre of the jwjlar regions sei/nl tliem 'J he pl.nns of 
1 ‘airope, hi U. now cirnaiiiented hy the liixiiriinis vegetation developed 
by the heat of a biirmng climate, the hoimdless ]Mstnrcs on which 
bends of great Bdeplunts, the ac tive Horse, llie'rohnsi I lippopol.innis, 
*nnil great Carnnorons anmuls grazed and roamed, became coveucl 
with a mantle of u e and snow 

. 'J'o what cause are we tc> attrilnile a phenomenon so unroreseen, 
and exercising itself with such intensity? In the present state of 
onr knowledge no cvTtain explanaticm of the event can he given 
Did the central planet, the sun, which was long supposed to dis~ 
Irihute light and heal to the earth, lose during tins period iis cnioiilii 
powers? 'Pins ex|ilanatii)n is msiifl'ic lent, sim i at tin*! penod the 
solar heat is not supposed to have greallv inlliii n< eel the eartli’s 
tcmperatiirc* Were the marine currents, sue ii as tlic (iiifl Shnim, 
which carries the Atlaiilir Ocean towards llie nortli and west ot 
Fiirope, wanning and i.nsmg its temperatiiic , siuldc nly tiiiiiesl in the 
contrary direetion? No such hypothesis is siillu lent to ex]jlam 
either the cataclysms or the glacial phenomena , <11111 we need not 
hesitate to confess our ignorance of this strange, tins mysterious, 
episode 111 the history of the glolM. 

'Phtre have been .ittempts, and very mgemous ones loo to ex 
plain these pheuionigna, of winch we shall give a briet simmiary, 
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Without rommitting oiirscht's to any further opinion, using for that 
]nirpose the information lontamecl m M Cli Martins’ e\c client 
work “ 'I'lm most violent convulsions of the solid and luiiiid ele- 
ments,” says this able writer, “appe.ir to have been themselves only 
the effects due to a cause much more |x)wcrful than the mere exjun- 
sion of the pyrosphere , and it is necessary to recur, m order to 
esplain them, to some new' and bolder hypothesis than has yet been 
hazarded Some philosophers have belief m an astronomu al revolii-- 
tion whiih m.iy have overtaken onr globe in the first age of its 
formation, ,ind h.ave modified its position in relation to the sun 
They ailmit that the poles have not ,ilw.iys been as they are now, and 
that some terrible shock displaced them, changing at the s,ime time 
the in< hnation of the axis of the rofcition of the earth " 'I'his hyjio- ■ 
thesis w Inch is nearly the same as that ]>ro])oiinded by the J )anish 
geuIogi''t, Klee, has been .ibly developed by Af dc Iknicheporn 
Aiionlirg to this writer, m.any multiplied shocks, c.aused by the 
violent ( ontu t of the earth with comets, produced the elevation of 
mountains, the displacement of seas, .ind perturbations of < lunate — 
])lienomcn,i which he ascribes to the sudden distiirlianc e of the 
parallelism of the axis of rotation. The antediluvian cipiator, 
acconling to him, makes a right angle with the existing equator* 

“ (^uite recently,” adds M Mortuis, “ a learned French mathe- 
matician, M J Adhenur, has t,iken up the same idea , but, dismissing 
the more probleiniitical elements of the concussion with comets 'as 
untenable, he seeks to explain the deluges by the laws of gravitation ' 
and t elesticd mechanics, and his theory has been supported by vpry 
(ompetent writers It is this We know that our planet is in 
•fluenced by two essenti.il movements- one of rotatioii on its axis, 
which it .icconiplishes m tw'cnty-four hours , the other of translation, 
which It aicomplishes m a little more than 365 J dayk But besides 
these great and jieri eptiblc movements, the earth h.is third, and 
even .1 fourth movement, with one of whuh wc need not occupy 
ourselves , it is that dcsignalcvl nuhiiion by astnmomers It changes 
lierioclu .illy, but within very restneted limits, the inclin.'ition'of the 
terrestnal axis to the plane of the ecliptic by a slight oscillation, the 
duration of wine h is only eighteen hours, and its iniliicncp iqion the 
relative length of day and night is almost inappreciable The other 
movement is tHht on which M Adliemar’s theory is founded 

“ We know, that the curve dcsiribed by the earth in its annual 
revolution round the sun is not a circle, but an ellipse , that is, a 
slightly elongated i in lo, sometimes called a circle of two centres, one 
of which IS mcupied by the sun 'I’his curve if called the ecliptic. 
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We’ know, also, tAat, in its movement of translation, the earth 
preserves such a position that its axis of rotation is mtercepteil, at its 
centre, by the plane of the ecliptic But in plat e of being perpen- 
dicular, or at right angles with this plane, it i rosses it obliqiielj in 
such a manner as to form on one side an angle of one-foiirth, and on 
theoothcr an angle of three-fourths of a right angle 'I'liis im hnatinn 
IS only altered in an insignificant tlegree by the inovemenl of Huta- 
twH. I need scarcely add that the earth, in its anniKil revolution, 
occupies periodically four princiiial positions on the ccliptu , which 
mark the limits of the f6ur seasons When its centre is at the 
extremity most remote from the sun, or aphelion, it is the summer 
solstice for the northern hemisphere When its centre is at tlie 
other extremity, or perthelton, the same hemis|)here is at the nintcr 
•solstice The two intermediate points mark the erpiinoxcs of spring 
and autumn The great circle of separation of light .mil shade 
passes, then, precisely through the iiolcs, tlie day and night are e(|ii.il, 
and the line of intersection of the pLine of the equator aiicl 
that of the ecliptic makes ivirt of the vector ray from the centre 
of the sun to the centre of the csirth what we call the iquiimhal 
hue 

“ Thus lilac ed, it is cv ident tlwt if the terrestrial axis remained 
always p.'irallet to itself, tlie ecjuinoctial line would alwa>s pass 
througli thu same point on the surface of the globe Ihit it is not 
.ibsoliitely thus 'IJie ]iar.illehsm of the axis of the earth is ih.ingcd 
siovrly, very slowly, by a nioveniLiU vvhic.li Arago ingeniously 
'compares to the varying iiiiliiintion of a to]) when iboul to cease 
spinning This movement h.is theVflectof making the eciiimoctial 
points on the surface of the earth retrograde towards the cast Irom 
year to year, in such a manner that at the end of 25,800 ye.irs 
according to some astronomers, but 21,000 years according to 
Adhcfmar, the ec|Uiiioctial point has literally made a c irciiit of the 
globe, and lias rctumcxl to the same position which it occupied at the 
beginning of this immense period, wdiich has been called the 
year' It is this retrograde evolution in which the terrestrial axis 
describes round its own centre that revolution round a double conic 
surface which is known as the preeesswn of the eqmnoAis It was 
observed 2,000 >cars ago by Hipparchus, its cause was discovered 
by Newton, and its complete evolution explained by D’Alembert 
and I.aip 1 ace 

“ Now, we know that the consccjucncc of the inclination of the 
terrestnal .ixis with the jilane of the ecliptic is — 

“ I. That the se.isons are inverse m tlie two hemispheres that is 
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to S.1J, ilic iinrtliL'rn lumisphcre ciijojs ils syru^ anil snninicr, while 
the sinillierii lii.'niis|>lKri. passis thiough autumn anil winter 

“ 2 \\ liLii the L.ii ih .'ipproai lies nearest to the siin, onr hemisphere 
has Its autumn and winUr , anil the regions near the pole, receiving 
none of the solar rays, are plunged into ilarkness, approaching that of 
night, during si\ montlis of the year • 

3 \\ lien the earth is most distant from the sun, when much the 
greater half of the cilijitii intervenes lictween it and the focus o( light 
and heat, the iiole, being then turned towards this locus, constantly* 
reieives its rajs and the rest of the nortlAirn hemisphere enjoj's its 
long dajs of spring and summer 

“ Hearing in mind that, m going from the equinos of spring to the 
autumnal ciiuinu'c of our hemisphere, the earth traverses a much 
longer curve than it does on its retuni , bearing in mind, also, the* 
ai I elerateil movement it e\|)erienies m its apQroaih to the sun from 
the attrai tion, which uureases in inverse proportion to the square of 
Its distame, we arrive at the t imi lusion that our summer should lie 
longer and our winter shorter than the summer and winter of our 
aritipoiK 1 , and this is actmillx the last* bj about eight dajs 

“ I saj thlmiHx, biiause, if we now look at the eftu ts of the pre- 
tessum ol the (•»[uino\es, we shall see that in a lime equal to hdi ol 
the nftmi )iin, win dm it be la.ijoo or 10,500 je^irs, the rniulhions 
will be reversid, die tcriesliial .i\is, anil 1 onsequciitlythe jioles, 
will have ni I onqtlished the half of their biioiiiial rev olutioii round 
the iLiitre ol the earth Jt will then be the northern hcinisjilvtre 
will! li will have tlie summers shorter and the wintci's longer and the " 
soiitheni heniis|)here e \ai llj’’ the ' rev erse Jii llic ye.ir 124S before 
the Christian er.i, .molding to Af Adhem.ir, the north ])oIe attained 
' its inasimuin summer duration Since then it has begun to decrease, 
and this will coiitiiuie to the year 7388 of our era before it attains 
its ma\mium winter iluralioii 

“ Hut the reader may ask, fatigued perhajis by thyse abstract 
( onsiilerations, What is there here 111 loiiiinon with the dcliigcsp? 

'I he.^'VirW^vrf/ is heie divided, for e,ieh hemisphere, into two 
great se.isons, which Dc loiiveiucl calls the great suiiiinf.r and 
winter, which w'lll e.uh, ai cording to M Adhehnar, be 10,500 
jears 

“ During the whole of this ])eno<l one of the poles h.as constantly 
h.'ul slioi Ur winters .md longer summers than the other It follows 
that the jiole which espeneiiees the long winter undergoes a gradual 
and iniitinuoiis < oohpg, in con^equen(c of which the qn.intities 'of ice 
and snow, wliK h melt during the summer, are more than coinpen- 
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salcd by ibosu whu ?) arc again pruiliic liI in tlic \i inter 'I lie n c and 
snow go on ac t umiilating from ) ear to year, and tiimh at the end of 
the period by fonning, at the loldest pole, a sort of crust or tap, last, 
thick, and hea\y enough to modify the splu'roidal form ol the earth 
This inofhiiration, as a m^'essary consetpience, pnidiii i s a notable 
dispLiccmcnt of the centre of gravity, or for it amounts to tlic same 
thing -of the < enlrc of attraction, round whiih all the waterj masses 
tend to restore it 'I’he south pole, as we ha\ e seen, finished \Xsgtuit 
wintfr in 1248 11 l The acciiniiilated ice then added itself to the 
snow, and the snow to the/ ice, .at the south pule, towsirrls which the 
watery masses .all tended until they covered nearly thp whole of the 
southern heniis|)hc‘re Jiut since that date of 1248, our,v'/«r/ av/z/iv 
has been in progress. Our pole, in its turn, goes on getting cooler 
•continually , ice is being heaped upon snow, and snow u]>on ice, and 
in 7,388 years the < entre of gravity of the earth will return to its 
normal position, wlndi is the geometric.il t entre ol the spheroid, 
hollowing the imintitalde laws of central attr.u tioii, the southern 
w.itcrs accruing from the incited ice .incl snow of the south pole will 
return to iiu.ade and ovcrwluhn omc mure the coiitiiiciits ol the 
northern hcMiiisphere, giiing rise to new continents, m all piobabiht), 
in the southern heniisjiherc " 

Sue his a biief st.iteiiuMit ol the hj potlu-sis whi< h Aelheanar h.is 
very ingeniously w'orked out I low far it esplains the mjsterious 
phenomena which wc h.ive uiidei consideration we shall not .ittein]it 
to say, our coneeni being with the ettects Does the evidence of 
“iipwanl and downward movements of the surface m 'lerliirv tunes 
explain the great ch.inge ? I'cjr li Hie cooling which pieciMhcl and 
succeeded the two Kiiropcnii ilediiges still reiii.inis .in unsolved 
problem. Us effects .ire perfectly apjircciable 'I he intense cold 
which visited the northern and c entral p.irls of I'.urope resulted m 
the annihil.'rtion of urg.uiic life in those countries All the walir- 
coiirscs, the rivers and strc.ims, the seas and l.ikcs, were Iro/en As 
AgassiT says in his first work on “(JKic icrs ” “A v.ist m.intlc of ice 
and snow covered the plains, the valleys, and the sc.is All the 
springs W'ere dried up , the livers c cmsccI to How 'I o the iiiovcinents 
of a numernus and anim.iled t rc.ition succeeded tlu silence of death ” 
Great nuinlicrs of animals penshed from cold 'I he Kle|ihant and 
Rhinoceros perished by thoiis.incls in the iniclsi o*, their grazing 
grounds, which became transformed into fields of ice and snow 
it IS then that these twci i^pecics disap|>e.ared, and vc'cm to liave 
been effaced from crtsUion Other .iiiim.ils ^ were overwhelmed. 
Without their race having been .dw.iys entirely annihilated The 
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sun, whidi latd} Ii^rlUed up the vcnlant plains, as it dawned iiix>n 
these fio/cn stqipcs, was only saluted by the whistling of the north 
winds, and the horrible rending of the irevasses, wlmh opened up on 
all sides under the heat ot its ra>s, acting upon the immense glacier 
whu h torme<l the sepulchre ot many animated beings 

I low I an we an cpt the idea that the plains, '\>ut yesterday smiling 
and lertile, were formerly covered, and that for a very long period, 
with an immense sheet of ue and snow? To s,ttisfy the reader tliat 
the jiroof of this ( an be established onsuflicieiit evidence, it is neces- 
sary to dim t his attention to certiin jjarts bf hurope It is essential 
to visit, at Icasy m idea, a country where glacial phenomena still exist, 
and to prove that the phenomena, now lonhncd to those countries, 
were spread, during geological times over spaces infinitely vaster 
We shall c hoose for our illustration, and as an esample, the glaciers * 
of the Alps We shall show that the glaciers of Swit/erl.ind and 
Savoy have not always been restricted to their present limits , that 
they' are, so to speak, only’ luimatiire rcsemblanc cs of the gigantic 
glaciers of times past, and that they formerly evtended over all the 
great ])laini which extend from the foot of the chain of the \lps 

To establish these jiioofs we must enter upon some consideration 
of existing glic lets, upon their mode of formation, and their peculiar 
phenomon i , 

'I'he snow whu h, dining the whole year, falls uiion the mountains, 
docs not melt, but maintains its solid state, when the elevation 
cxi'ceds the height of cj,ooo lev I or there.ibouls Where the sivbvv^ 
ail umul.ites to a great thickness, in the valleys, or in the deep 
fissures in the ground, it hank ns under the inlliiencc of the pressure 
resiillmg fiom the mciuiibent weight. JUit it always happens that .t 
'certain iiii.anlity of water, resulting from tlie momcnkiry thawing of 
the su[)ertiLial portions, tniverses its substance, and this forms a 
crystalline mass of ue, with .i gr.uuilar striuture, which the Swiss 
lutiiralists desiijnale nhv hroin the sue lessive meUing ?ncl free/ing 
caused by the* heat by day and the cold by night, and tlve lAtiltration 
of air ancl water into its interstices, the tuTe is slowly transformed into 
a homogeneous a/iue mass of ue, full of an infinite mimlicr of little 
air-hiibbles- this was what was formerly gface bullense (biibhle- 
ice) Finally, these masses, becoming completely' froren, water 
replaces the bubbles of air 'Ilien the transformation is complete, 
the u e is homogeneous, and presents those beautiful a/airc tints so 
much admired liy the tourist who traverses the magnificent glaciers of 
Switzerland and Savoy 

Such IS the origin nf^r and such is the mode in vvlnih the glaciers 
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of the Alps are formed An important property of glaciers remains to 
be point^ out They have a general movement of translation in the 
direction of their slope, under the influence of nhich they make a 
certain yearly progress donmtard, acconling to the angle of the slope 
The glacier of the Aar, Ibr example, advances at the rate of about 
25^ feet each year. 

Under the joint influence of the slope, the u eight of the frozen 
mass, and the melting of the parts which touch the earth, the glat ler 
thus always tends downwa^ls , but from the cflcc ts of a more genial 
temperature, the lower extremity melting rapidly, has a tcndcni y to 
recede. It is the difference between these two actions which consti- 
tutes the real progressive movement of the glacier 

The fnction exercised by the glacier upon the bottom and sides 
"of the valley, ought necessarily to leave its traces on the rocks with 
which it may happciKto be in contact Over all the places where a 
glacier has passed, in fact, we remark th.it the rocks arc polished, 
levelled, rounded, and, as it is termed, numtonnhs 'i’hese rocks 
present, besides, stnations or scratches running in the direction of 
the motion of the glacier, which have been produced by hard and 
angular fragments of stones imbedded in the ice, and which leave 
their marks on the liardest rocks under the irresistible pressure of the 
heavy descending mass of ice In a work of great merit, which we 
have befoft <iuoted, M Charles Martins explains the physical 
mechanism by which granite rocks borne onwards in the jmigrcssive 
.movements of a glacier, have scratched, scored, and rounded the softer 
rocks which the gkacicr has encounttjrcd in its desc ent “ The fnc tion," 
says M Martins, “which the glacier exen ises upon the bottom and upon 
the walls, is too coiibidcrablo not to leave its traces uiion the rocks with 
which It may be in conUct, but its action vanes accoiding to the 
minenological nature of the rocks and the configuration of the ground 
they cover If we penetrate between the soil and the bottom of the 
glacier, taking advantage of the ice-caverns which somepmi.s open at 
Its ed^ or extremity, we creep over a bed of pebbles and fine sand 
saturated with water If we remove this bed, vve soon j en cive that 
the underlying rock is levelled, jiohshecl, ground down by friction, 
and covered with rectilinear stnae, resembling sometimes small 
grooves, more frequently perfei tly straight scratches, as though they 
had been produced by me.'ins of a graver, or even .1 viry fine needle 
The mechanism by which these stnic have been procliicod is that 
which industry employs to polish stones and mclals We rub the 
metallic surfai e with a flne powder called emery, until we give it n 
bnlliancy which proceeds from the reflection of the light from an 
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infinity of luiiiiiCc stnau The bed of pebbles olid mud, interposed 
])L‘t\\cen the icr nnd the subjacent rock, here represents the emeiy 
The riK k. is the metallic surface, and the mass of the glat ler which 
presses on and displaces the mud in its descent towards the plain, 
represents the hand of the jiulishcr 'I'hebC stria; always follow the 
dircrtion ut liie gku ler , but as it is soinetiincs siibjec t to small lateral 
ileviations, the stnai soinelimes cross, forming \ery small angles with 
one another If we esamiiie the rocks by the side of a glacier, we 
find similar strue engraicd on them where they have been m con^* 
tact with the frozen mass i have often bfoken the ice where it thus 
prc'iseil upon the ruck, and have found imilci it polished siirtaees, 
covered with strialions '1 he pebbles and grams ot sind which had 
engraved them were still encased in the uc, fixed like the diamond 
of the glazier at the end of the instrument with which he marks his* 
glass , 

“ The sharpness and dcptli of the struu or scratches depend on 
mail} rire iiiiistanc IS it the roik acted upon is c alcarcoiis, and the 
finely is rc piesciited by pebbles ami sand derped fioin lumlcr 
rocks, such as gneiss, gmiite, or piotogine, the scratches are very 
imiikcd '1 Ills wc c an verify at the loot of the gl.incrs of Koseiikiiii, 
and of the (Irindclwald in the Canton ot Heme On the contrary, 
it the lock is gneissu, granitic, or scrpentmoiis, ^lul is to say*, very 
hard, the scratches will be less deep and less marked, as may be seen 
in the glaciers of the A.ir, of /eriiiatt, and Chainouiiix 'ihc |>olish 
will be the same in both cases, and it is oileii as perfect ns in innybK; 
polished lor aichitec lural piir]jc>ses 

“ 'I'lie scratches engraved u'lxm the rocks which confine these 
gl.u lers are ginienilly IionzoiiLiI or {MrallcI to the surface Sunie- 
times, owing tez the c ontRicttons of the valley, these stnai arc nearly 
vertical This, however, need not surprise us Forced onwards by 
the siipcrincumlient weight, the glacier scpieezcs itself through the 
narrow ]urt, its bulk expanding upwards, in which case, the flanks of 
the mountain which liarred Us passage are marked vertically* This 
is ndimrably seen near the Chalets of Stieregg, a narrow defile which 
the lower glarier of the Orindclwald has to clear before' it dis- 
charges Itself into the valley of the same name Upon the right 
bank of the gku icr the sc latchcs are inclined at an angle of 45'' to 
the horizon ,'Upon the left liank the glAcier rises sometimes cpntc 
up to the neighbouring forest, cMirying with it grcAt clods of earth 
chaigcd with 'rhododendrons and clumps of alder, birches, and firs 
'I'lic more tender or. foliated rocks were broken up and demolished 
by the prodigious force of the glacier , the harder rocks offered more 
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resistance, but theh* surface is planed down, polished, and striated, 
testifying to the enormous jiressure which they had to undergo Jn 
the same manner the glacier of the Aar, at the foot of the pnnnoiitory 
on which M Agassi/’ tent was erected, is polished to a great height, 
and on the face, turned U/wards the upjicr jiart of the valley, 1 have 
observed scratches inclined 64®. The ice, erect against tins escarp- 
ment, seemed to wish to scale it, but the granite rock held fast, and 
the glacier was compelled to pass round it slow ly 
• “ In rec apitulation, the considerable pressure of a glacier, joined 

to Its movement of progibssion, acts at once upon the Iioltoiii and 
flanks of the valley nliirli it traverses it polishes all the roi ks 
which may he too hard to be demolished by it, and irei|iientl> im- 
presses upon them a peculiar and characteristic form In destrojmg 
all the asperities and ineciuahties of these rocks, it levels their sur- 
faces apd rounds thejji on the sides {lointing uji the stream, v\ hilst in 
the opposite direction, or down the strcMin, they sometimes preserve 
their abrupt, unequal, and rugged surlacc We must comprehend, 
in 'short, that the lorce of the gLicier acts pnmijially on the side 
which is towanls the circle whence it descends, m the s.ime way 
that the piles of a bridge are more damage'll up-stream, than down, ]>) 
the iceheigs which the river brings dcjwn during the winter Seen 
from* a distance,, a groiqi «i nnks thus rounded and jcohshecl 
reminds u<» of the appearance of a floe k of slie-ep heiu e the name 
toc/us j given them by the Swiss naturalists.” 

* • Another jihenomenon which plays an imi>urtant jxirt m CMsling 
'glaciers, and in those, also, which formerly covered Swit/erland, is 
lound in the fragments of nick, often of enormous si/c, vvhicli have 
been transported and deposited during their movement of progression 
The jieak's of the Alps are exposed to continual degradations 
Formed of granitic rocks — rocks eminently alterable under the action 
of air and 'water, they become disintegrated and often fall in frag- 
ments more, or liess voluminous “The masses of snow," continues 
Martins, which hang iqxni the Alps during winter, tAe rain which 
infiltrates between their beds climng summer, the sudden actioir of 
torrents of w'atcr, and more slowly, hut yet more powerfully, the 
chemic.'il affinities, degrade, disintegrate, and deeomi>ose the hardest 
rocks. Tlie dcibris thus produced falls from the summits into the 
circles occupied by the gktciers with a great crash, oCiomiianied by 
frightful noises ‘iind great clouds of dust F.vcn m the raidillc of 
summer 1 have .seen these avakuiihes of stone jirecipfUted from the 
highe'ft ridges of the Schrcc'kliorn, fonnmg u|K)n 4 he immaculate snow 
ft long black train, consisting of enormous blcx:ks and an immense 
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number of smaller fragments In the spring a rapid thawing of the 
winter snows often causes accidental torrents of extreme violence 
If the melting is slow, water insinuates itself into the smallest fissures 
of the rocks, freezes there, and rends asunder the most refractory 
masses 'L he bloc ks detached from the mountains are sometimes of 
gig.intic dimensions we have found them sixty feet m length, %nd 
those measuring thirty feet each way arc by no means rare in the 
Alps ”* 

'i'hub, the action of aqueous infiltrations followed by frost, the 
chemical det omposition ivhu h granite undergoes under the influence 
of a moist atmosphere, degrade and disintegrate the roc ks which 
constitute the mountains enclosing the glacier Blocks, sometimes 
of very considerable dimensions, often fall at the foot of these moun- 
Uiins on to the siirfac e of the glacier Were it immovable the ddbris * 
w ould accumulate at Us base, and would foriiv there a mass of mins 
heaped up w ithout order But the slow progression, the continuous 
displacement of the glacier, lead, in the clistribution of these blocks, 
to a certain kind of arrangement the blocks falling upon its surface 
|urtuipatc m Us movement, and advance with it But other down- 
falls take plac c duly, and the new ddbns following the first, the whole 
fonn a line along the outer edge of the glacier These regular trains 
of rocks bear the name of *^mouwies '' When the rocks fall from two 
mountains, and on en< h edge of the glacier, and two parallel lines of 
delins are formed, they are called lateral mn/airies There are also 
vmitan moiamci, whuh arc formed when tw'o glaciers are confluent,, 
in such a manner that the laletql mot ante, on the right of the one, 
trends towards the left-hand one of the other h’mally, those moraines 
, are ftoutal, or terminal, which repose, not upon the glacier, but at ilS 
point of termination in the valleys, and which are due to the accumu- 
lation of blcK ks fallen from the terminal escarpments, of glaciers there 
arrested by some obstacle In Plaiii XXXL wc have represented an 
actual Swiss glacier, in whu h are united the physical and geological 
peculianties belonging to these enormous masses of frozen Vater 
the moraines here are lataal, tliat is to say, fonued of a double line 
fiof debris 

I'ransported slowly on the surface of the glacier, all the blocks 
from the mountain preserve their original forms unaltered; the sharp- 
ness of their *cdges is never altered by their gentle transport and 
^j^iost im])etceptiblc motion Atmospheric agency only can affect 
oTaestroy theke rocks when formed of hard resisting matenal. , Th^ 
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then remain nearly t)f the Siiinu form ami vohinic they had when tliey 
fell on the surface of the glacier, but it is otherwise with blocks and 
fragments enclosed between the rock and tlie glacier, whether it be 
at the bottom or between the glacier and its lateral walls Some of 
these, under the powerful and continuous action of tins gigantic 
gnnding process, wilb be reduc cd to an impalpable miicl, others .ire 
worn into facets, while others are rounded, jircsenting a imiltilude of 
scratches crossing each other in all directions 'I'hese scratched 
pebbles arc of great importanc'e in studying the extent of am lent 
glaciers, they testify, on'*thc spot, to the esisleme of jae esisting 
glaciers which shaped, ground, and striated the pcbblus, which w.iter 
docs not, on the conlniry, in the latter, they become jiohshed and 
rounded, and even natural stnations are cITticcsI 
• Thus, liiigc blocks transportcal to gre.it distances from their true 
geological beds, th.it ^is, auUu blihk\, to use the proper tcchnu.d 
temi, rounded {montonulu), polished, and sc r.itc hod siirfac es, monii/h r , 
finally, pebbles, ground, polishcal, rounded, or worn into smooth 
surfcices, are all phjsic.d effects of glaciers in' motion, .mil thiir 
presence alone affords sufficient proof to the naturalist that a gK-icier 
formerly existed m the locality where he fiiuU them 'I he re.ider 
wall now comprehend how it is possible to recognise, in oiir d.ays, the 
existence of .incient glaciers in different iiaris of the w'orld Above 
all, whereser we may find both erratu hloiks and momma, and 
observe, at the same time, indications of rocks has ing been polished 
asid stnalcd m the same direction, we may jironounce with certainly 
•.ss to flic existent e of a gkicier during geological times l.et us take 
SOUK' mstaiic es 

. At Vnavolta, iii the Aljis, going towards Monte Stvilo-J'rtmo, 
upon a cakarcoiis ruck, wc find the ni.iss of granite represented in 
Fig, ic; 6 . 'I'liis erratic block exists, with lhoiis.iiids of others, on the 
slopes of the nibuiitam It is alwut fift} feet long, nearly forty feet 
broad, and ^ve-and-twenty in height, and all its edges and angles 
are jietfect Some p.irallel strite occur along the neighlibiirmg rot ks. 
All this Lle.irly clemoiistnitLS th.il a gl.ic ler existed, m former times, 
in this )).irl of the Aljjs, where none .i|)|iL.ir .il the ])re<>i.iil tiiiiL It 
IS a glacier, then, which h.is transported and ckpoiilcd here this 
enormous block, weighing iicarl) 3,000 tons 

In the Jura Mountain^, on the lull ul FoiiriiereV, a limestone 
eminence .at ],}Ons, blocks of granite arc found, cMcleiill) derived 
from the Alps, .iml tr.insportcd there I4J the Swiss glaciers 'Ihe 
particular mode of transport is re|irescnted theoretically in J'lg 197 
A represents, for example, the summit of the Alps, li the Jura 
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^^oulltalns, or the hill of Fourvi^rcs, at l.yons ^ t the glacial penud, 
the glacier A 11 C extended from the Alps to the mountain H The 
granitic debris, whicii was detached from the summit of the Alpine 
mountains, fell on the surface of the glacier The movement of 
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jirogression of this glacier transporteil these blocks as far as the 
summit B At a later period the tcm]jcratvirc of the globe was raised, 
and when the kc had melted, the blocks, D K, were quietly de- 
posited on the spots where they arc now found, without having sus- 
tained the slightest shock opinjuiy in this singular mode of transport 
Every day traces, more or less recognisable, are found on the Alps 
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or amionl glaciers far disLuit from their exist mg Imiits Heaps of 
debris, of all sizes, Luinpreheiidmg blocks with blurp-puiiited angles, 
are found m the Swiss plains and valleys /y/eiw /z/v//* j ( I’eri heil 
blocks), as in Fu XXXI , are often seen perched upon points of the 
*\lps situated far above existing glaciers, or dispersed over the plain 
xihicb separates the Alps from the Jura, or even prescrxing an in* 
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credible equilibrium, when their great mass is taken into considcT- 
ation, iit considerable heights on the eastern flank of this thain of 
niountains It is by the aid of these indiuitions that tlic geologist 
has been able to trai e to extremely remote distant es signs of the 
former existejn c of the ancient gkiciers of the Alps, to follow them in 
their ctjurse, and iix their point of origin, and where they terniinated 
'I'luis the humble Mount Sion, a gentl} -swelling hill situated to the 
north of tieneva, was the point at wliith three great ancient 
glaciers had their conihicni e — the gku ler of the Rhone, which filled 
all,the'basin of I-ike fjcman, or T.ike of (leneva , that of the Isere, 
which issued from the Annecy .uid lloiirgel Lakes, and that of the 
Arve, which had its source m the valley ot Chamounix, all tonvrrged 
at this point# AeVording to M. G de Mortillet, who Ii.is c'arciully 
studied this geologic al cjucstion, the extent ancl siination of these 
ancient glaciers ot the Alps wcare as follows — Lpon its nnrilurii 
flank, the gtaaer ofthclUtun, oc c upied all the basin ot I .ikc Constant c., 
ancl extended to the borders of flermany , that of the J.iul/i, «liii h 
lias Jircstc'd at the cxtreinity of the Lake of /iirith this < ii) is built 
upon Its terminal moraine , that of the Rmss, which covered the lake 
of the four cantons with blocks torn from the Fcaks ofSamt-Gothanl, 
that of the Aar, the last moraines of which cioivn the lulls in the 
environs of Herne , those of the Arve and the Isln, which, as we 
have said, debouched from Ijake Annecy and lj.il(e Hourget respec- 
tively, that of the RMtie, the most important of all It is this 
IB 
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glaciLr wJiic li has dcpoMtcd upon the flanks of tile Jura, at the Height 
of 3,400 feet above the level of the sea, the great erratic blocks already 
described This mighty glacier of the KhAiie had its origin in all the 
l.itcral valleys fanned by the two parallel chains of the Valais It 
hlleil all the Valais, and estendcHl into the plain, lying between the 
All >s and the Jura, from J<'ort de l.’l^hisc, near the fail of tlie Rlionc, 
u]i to the neighbourhood of \araii 

i hi* fiagmcnts of roeks transi>ortc‘d b) the ice-sea nhich odiipied 
all the bwiss plain follow, in northerly direction, the course of the 
valley of the Khino t)n the other band, the glacier of the Rhone, 
aflei tear lung the iilain of Sivit/erland, turned oflF obliipicly towards 
the south, reienul the glacier of the Arve, then that of the Isere, 
passed between the Jura and the inountains of the Clrande'Chartrciise, 
spread over I,a liresse, then nearly all Daiiphine, and terminated lu 
the neighbourhood of l^yons 

irpon the southern flank of the \lps, the ancient glatiers, accord- 
ing to M dc Mortillet’s map, occupied all the great valleys from 
that of the Dora, on the west, to that of the 'I'.ighamcnto, on the 
east “'rhe glacier of the /J(»/cr,” says de Mortillct, whose text wc 
greatly abridge, “debouched into the valley of the Po, close to Turin 
That ol the Dora-Ballea entered tlie ])lam of Ivrea, whcie it has left 
a inagniiicent senile irclc ul hills which formed ds terminal moraine 
That of the 'IWe disihaigecl itself into l«ike Alaggiore^ against the 
glacier of the Tessin, anil then threw itself into the valley of laikc 
Orta, at the southern extremity of which its terminal moraines were 
situated 'i'hat of the Tessin filled the hasm of f«ike MaggiOre, and 
established itself between Taigano and Varese That of the Adda 
filled the basin of J^ke (.'onio, and esLiblished itself between Mt:n- 
dribio and Ia:ico, thus describing a vast scmirirde'. That of the 
Ogho terminated a little beyond l^ike Iseo That of tlie Adige, 
finding no ihissagc through the narrow valley of Roveredo, where 
the valley borame very narrow, took another roiirse, and filled the 
immeiite vAlley of the lake of ('larda At Novi it has left a mag- 
niflcent moraine, of which Dante siieaks in Ins ‘Inferno' That of 
the Hnnta extended over the idain of that eommiinc 'Pile Draiv 
and the Tagliame/ito had also their glac lers Finally, glaciers occupied 
all the valleys of the Austrian and IJavanan AIjis 

Mmilar traces of the existence of anc lent glaciers occur in many 
other Jvuropcan countries In the Pyrenees, in Corsica, the Vosges, 
the J lira, &c , extensive /anges of eguntry have been covered, m 
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geological times, by' those vast plains of ice 'I'ho glacier of the 
Moselle was the most considerable of the glaciers of the Vosges, 
receiving numerous affluents ; its lowest frontal moraine, ishich is 
situated below Keiiuremoiit, could nut be less than a mile and a 
(|uarter in length . 

*iut the phenomenon of the glacial extension whuh wc have 
examined in the Alps was not confined to ('entral humpe 'I ho 
same traces of their ancient existence arc observed in all the north 
of hiirope, in Russia, Iceland, Norway, Prussia, the British Islands, 
part of (lennany, in the north, and even in some parts of the south, 
ofSixun In Knglaiul, /r/vZ/t blocks of granite are found wlinh were 
derived from the mountains of Norway It is evident that these 
blocks were borne by a glat ler which extended from the north pole 
to hngland , or, as in Prussia, they crossed the Baltic and the North 
Seas, borne by floating icebergs w’hen the country was submerged 
Thus, during the (^iiaternaiy epoch, glaciers which are now 
limited to the Polar regions, or to mountainous countries of consider- 
able altitude, extended very far liojond then present known limits, 
and, tikeii in connection with the deluge of die north, and the vast 
amount of organic life which they destro>ed, tliej form, ]>erh.i])s, the 
most striking and mysterious of all geological phenomena 

M «Kdouard Collumb, to wliom we owe miic h of our knowledge 
of ancient glaciers, furnishes the following note* cxplanatoiy of a map 
of Ancient (ilaciers which he lus prejiarccl — 

■ “The area occupied by the .imient (.liuatcrnary glaciers nia) be 
divided into Iw'O orograpliical regions - i The region of the north, 
from lat 52® or 55” up to the North Pole 2 The region of Central 
Kvrope and |jart of the south 

“ The region of the north whii h has been covered by the ancient 
glac icis comprehends all the Scandinavian pemnsiiki, Sweden, Norway, 
and a part of Western Russia, extending from the Niemen on the 
north in a ciinre w'hich jiassecl ne.ir the sources of the Dnieper and 
the Volga, and thence took a direction towards the shores of the 
glacial ocean. This region comprehends Iceland, Scotland Ireland, 
uie isles dependent on them, and, finally, a gre.it part of hngkind 
“ This region is bounded, on all its sides, by a wide /one fr»in 
a® to 5® in breadth, over whu h is re< ognised the existence of erratic 
blocks of tlie north it includes the imdclle region of Russia in Kurope, 
Poland, a jiart of Prussia, and Denmark , losing itsetf in Holland 
on the Zuider Zee, it cut into, the northern p.irt of hmgland, and wc 
find a shred of it in FVanto:, upon the borders of tl,ie Cotentin 

“The ancient glaciers of Central Kuro^ie consisted, first, of the 
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grand masses of the Alps Stretching to tlic u-est and to the north, 
they extended to the valley of the Rhone as far as Lyons, then 
crossing the summit-level of the Jura, they passed near 13 asle, covenng 
Lake (Jonstame, and stretching beyond into Itavarui and Austria 
Ulion the sniitliern slopes of the Alps, they tiirncil round the summit 
of the Adriatic, iiassc-d near to Udine, coveruil I’eschiera, Solfenno, 
Como, Varese, and Ivrea, extended to near 'I'lirm, and terminated in 
the valley of the Btiira, near the Col dc 'I'cnda 

“In the Pyrenees, the ancient glaciers have occupied all tlie 
prmi'ipal valleys of this chain, both on tht I'Yench and Spanish sides, 
especially the; valleys of the centre, whic,h comprehend those of 
Liuhon, Ancle, Ikiri-ges, Caiitcrets, and Ossim In the Cantabrun 
chain, •in extension ol the Pyrenees, the existence of ancient glaciers 
hiTs also been recognised ■ 

“ In the Vosges and the Black Forest they covered all the 
southern parts of tliese mountains In the* Vosges, the pnne ipal 
traces are toiind in the valleys ot S^imt-Ainarin, Ciromagny, Kliinstcr, 
tlie Moselle, At 

“In the t arpathuans and the Caucasus the existence of am lent 
glaciers of great extent has also been observed 

“ In the Sierra Nevada, in the south of Slum, mountains upwards 
of 11,000 feet high, the v.alleys winch descend from the PueVcho dc 
Veleta and Mulhaceii have been covered with am' lent gUciers during 
the (Jiiatern.ir) ejioch^’ 

There is no reason to doubt that at this epoch all Bntaiic, -nt 
least all of it north of the Tluiines, vv.is covered by glaciers in its 
higher luirts. “Those,” sa)s Sn" Andrew Ramsay, “who know the 
Highlands of Scotland, will remember that, though the weather lias 
had a ]>owcrluI influence upon them, rendering them in pLices ruggeil, 
jagged and clilTy, yet, notwithstinding, their general outlines are often 
rcm.irkably rounded and flowing , ancl when the valleys ctre examined 
m detail, you find in their bottoms .ind on the sides of the hills that 
the manimihated structure prevails This rounded form is known, by 
those who study glaciers, by the name of rochts moutmnees, given to 
them by the Swiss wrileis These mammillatcd forms are exceed- 
ingly common m many British valleys, and not only so, but the very 
same kind of grooving and struition, so characteristic of the rocks in 
the Swiss valleys, also marks those of the Highlands of Scotland, of 
Cumberland, 'and Wales Considenng all these things, geologists, 
led by Agassw [some live or six and forty years ago], have by degrees 
come to the conclqsion that a very large part of our island was, 
during the glacial period, covered, or nearly covered, with a thick 
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coating of ice in the same way that the [interior] of Greenland is at 
present, and that hy the long-continued grinding pokier of a gre..’t 
glacier, or set of glaciers nearly universal over the nortlicrn half ol our 
country, and the high ground of Wales, the whole surface betaine 
moulded by ice ” * 

(Vhoever tra\erscs*England, observing its features with attention, 
will remark in certain places traces of the action of ice in tins 
era Some of the mountains present on one side a naked rock, and 
on the other a gentle slope, smiling and verdant, giving a character 
more or less abrupt, bold, and striking, to the landscape Considerable 
portions of dry land were formerly covered by a bluis’h clay, which 
contained many fragments of rock or “ boulders " torn from the old 
Cuinbnan mountains , from the Pennine chain ; from the moraines 
bf the north of England; and from the ('balk hills— hence called 
“boulder” clay 'Iheic jirOscnt themselves here and there, worn 
and ground up hy the ariion of water anil ire These erratic blocks 
or “ boulders ” have dcarlybeen dctaihed from the parent roik by 
violence, and often transiiorted to considerable disUnces They li.ivc 
been carrieil, not only across plains but ovei the toiis ot innuntams, 
some of them being found 130 miles from the parent rocks \\c 
even find, as already hinted, some rocks of wliuh no prololj pcs have 
been found nearcr<than Norway There is, then, little room for 
doubting thb fact of an extensive system of glaciers ha\ ing ro\ erecl 
the land, although the proofs have only been galherid laliorioiisly 
arid'’-by slow degrees in a long senes of years In iS ;o Agassi/ visited 
Scotland, and Ins eye, accustomed to glaciers m his native nioiiiitaius, 
speeddy detected their signs Ur Auckland bee anie a zealous acl\ ot ate 
of the same views North Walc*s was soon recognised as an inde- 
pendent centre of a system which radiated from lofty Snowdon, 
through seven valleys, carrying with tliem large stones and grooving 
the rocks in their passage In the pass of Manheris there .ire all the 
common proofs of the valley having been fillccl with glac ler ice “ hen 
the couhtry was under water,” s.vys Sir And Ramsay, “ the drill was 
deposited which more or less filled up many of Hie Welsh valleys. 
When tlie land had risen .again to .1 consideralile height, the gl.w lers 
me rciiscd in si/c although they never rc.iclied the inunense in.ignil(icle 
w'hith they .attained in the earlier portion of the uy epi)« li htill they 
became so large th.at silcli a valley as the Pass ol l.fiinheris was a 
second time ocxupied by ice, which ploughed out the drill that more or 
less covered the valley JJy degrees, how’ever, as we approac h nearer 
our own days, the climate slowly ameliorated, .incl the glaciers began to 
decline, till, grownng less and less, they crept up and up , and here 
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and there, as they died away, they left their ’terminal and lateral 
moraines btill as nell defined in some ta.scs as moraines in lands 
where glaciers now exist. Freciuently, too, masses of stone, that floated 
on the surface of the ice, were left perrhed upon the rounded roc/ies 
moutounies, in manner somewhat puzcling to those who are not 
geologists " * 

“ In short, they were let down upon the surface of these rocks so 
quietly and so softly, that there they will he, until an earthquake 
shakes them down, or until the wasting of the rock on which th«!y 
rest precipitates tlicni to a lower level ’ ' 

It was tlio opinion of Agassiz, after visiting Scotland, that the 
Grampians had been covered by a vast lliickiiess of ice, whence 
erratic blocks liad been dispcrswl in all directions as from a centre; 
other geologists after a tune adopted the ojiinion — Mr. Robert 
Chambers going so far .as to maintain, in 78411, that Scotland had 
been at one tune moulded by ice Mr ' 1 * F Jamieson followed in 
the same track, adduc mg many new fac ts to ]>rove that the Grampians 
once sent down glaciers in all directions towards the sea “The 
gkacinl grooves, ’ he saj s, radiate outward from the central heights 
towards all points of the compass, although they do not strictly 
conform to the actual shajic and contour of the minor valleys and 
ridges *' Tint the most interesting iiart of Mr Jamieson's investiga- 
tions is undoubtedly the ingenious manner in vvhic li he has worked 
out Agassi/’ assertion that Glcnroy, \\ hose remarkable “ Paralltl 
Koath " have pu//lcd so many investigators, w..i.s once the basin' of a 
frozen lake (Fig igS) 

Glenroy is one of the many romantic glens of Lochaber, at the 
head of the Spey, near to the Great t,len, or the valley of the Cale- 
donian Canal, which stretches oblu;uely across the country in a north- 
easterly direction from Loch Linnh to Loch Npss, leaving Loch 
Arkaig, Loch Gich, Glen Garry, and many a highland loch besides, 
on the left, and Glen Spean, in which loich Trcig, running due north 
and south, has its mouth, on the south Glenroy opens into it 
from the north, while Glen Gluoy opens into the Great Glen opposite 
Loch Arkaig. Mr Jamieson commeneexi his investigations at the 
mouth of Loch Arkaig, which is about a mile from the lake itself. 
Here he found the gneiss ground down as if by ice coming from the 
east On th^ lull, north ot the kike, the gneiss, though much worn 
and weathered, still exhibited well marked stricU,' directed up and 
down the valley Other markings sliowcd tliat the Glen Arkaig 
glacier not only blocked up Glen Gluoy, but the mouth of Glen 
Spean, which lies two miles or so south of it on the opposite side 
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At Brdtkletter, oh tlic south side of (Hen Spean, near its jiim tion 
with (Hen Taxhy, gluul siores fiointing more m.aily due west, hut 
slightly indmiiig to the north, were ol)ser\e(], .is it i.uised h} the 
pressure of ice from (Hen Liii The south sule of (Hm Spe.in, Iroin 
Its mouth to Loi h Trcig, is bounded by lofty hills- .in eslcnsiou of 
BenNevis, the highest Af these peaks exceeding 3,000 feet Numerous 
gullies intersect their flanks, anti the largest of these, (airry N l*oin, 
presents a senes of rocky amphitheatres, or rather largi i.ildrons, 
whose walls have been ground down by long-t ontimicd glar1.1l at tion 
the quartz veins arc all shhrn down to the level of the gneiss, .nul 
streaked with fine scratches, pxunlmg down the hollows iind far up the 
rocks on each side Diinng all these o]>crntions the great \alle) 
was prob.il>ly filled up with ice, w'hich would 1 lose (Hen (Huoy and 
♦Hen Spean, and might also close the lowest of the lines in (Henroy 
But how about the mK\lIc anti upiier lines ? 

Aglaticr crossing from Loth 'I’reig, .and protnulmg across (Hen 
Spean, would ait off Glais (Haibu anil Makoul, when the water in 
f Henroy tould only escape o\er the Col into Strathsiity, when llie 
first level would be marketl 

Now let the Glen Trcig glar tor shrink a little, so. as to let out 
water to the level of the second line by the outline at Makoiil, and 
the theory is r omphtte When the first .mil greatest glai ler g.ii e w .11 , 
Glenroy W’olHd be nearly m its present st.iti 

The glacier, on issuing from the gorge at tlie end of I or li Treig, 
wbuld dilate immensely, the right ILiiik spreading o\er .1 rough 
e\p.insc of syenite, the neighbouring hills being mii.i-scbists, with 
veins pf porphyry Now the syenite breaks into large r iiboiilal lilot ks 
of immense si/e These h.i\e been swc'lit beloic tlic .idianiing 
glacier along with other debris, anrl rUposited in .1 SLiiiiciiile ol 
mounds having a sweep of several miles, forming t in iikir iKands whit h 
mark the edges of the gl.ic ler as it shrunk from tune to tinu imtlei 
the influence of a milder climate 

'I his moraine, whuh wms all that was wanting to complete the 
theory laid down by Agassiz, is found on the pony-road leading from 
the moufli of Loth I'reig towanls Badenorh Annie 01 so bungs the 
traveller to the summit-level of tlie ra.id, anti hcyoml the lull a low 
moor stretches aw.ay to the bottom of the plain Here, slanting 
across the slope of the lull tow.amls Loch Trcig, two lines of moraine 
stretch nrross the ro.id At first they consist of mu a-st lusts .aiul bits 
of porjJhyn'y, but blocks of syenite soon betome intennihglcd Out- 
side these arc older hillocks, rising in some jilaces sixty and seventy 
feet high, forming narrow stccp-suled mounds, with blocks fourteen 
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feet in length slicking out of the surface, nn\ed with fragments of 
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mu a s( lust and gneiss I'he inner moraine ronsists", almost wholly, of 
large blocks of sjenite, fne, ten, fifteen, and five-and-twenty feet long. 

Tlie present aspec t of (Ilenroy is that of an ii])i)er and lower glen 
opening up iroui the larger (ilen S^iean The hea«i*w.atcrs of LoLh.aber 
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gather m a wild moufhtaui trat t, near the soun e of the Si»«.y 'I'lie 
upper glen ib an oval valley, four miles long, hy about one bru.ul, 
bounded on each side hy high mountains, which tlirow oif two 
Streams dividing the mica-schist Irom the gneissu' s} stems , the 
former predominating on the west side, and tlie latter on tlie east 
'J'he aimted streams fltnv to the south-west lor two links, when the 
valley contracts to a roc ky gorge which separates the upper lioni the 
lower glen Passing from the iii>per to the lowe’r glen, .i line is 
observed to pass Irom near the junction of the (wo streams, on a 
level with a flat rock at the tioi^ie, and also with the uiipermcist of the 
thre'c lines of terraees in the lower glen I’his line gnslles the sides 
of the lulls right and left, with a seeniingly higher swee]>, and is fol- 
lowed by two other perfectly panillel and continuous lines tilKihnroy 
esepands into (Jlen Spcaii, which crosses its monlh and enters ilm 
great glep a little soiit]^ of lanh I oc In \l the point, however, 
where (llenroy enters Glen Spean, the two.ii|)|iei leir.uis lease, 
while the lower of the three appears on the north and soiilh side of 
fllen Spean, as far as thcfjass of Glen Makoul, and southward a little 
way up the (jiilhan river and round llu head ot l.uch I'rcig 

In Scotland, and m northern England and Wales, there is di iliiii I 
evidence that the Glacial Lpoeli caimiivenred with an eraofeontmenta] 
lee', the' land being Ipit slightly lower than at present, aiul iw^sihly .it 
the same level, during which period the beotlish hills received then 
roundc'd outlines, and senitched and smoothed roek-siirfates , and the 
plJiics and vallejs became filled with the slifT clay, with angular 
sbratehed stones, known as the “Till,” wdiieh dc'posit is believed hy 
almost all modern geologists to be .i moraine ptvfoHiit, the product 
of a vast ice-sheet 

In Wales, Sir Andrew Ramsay has described the whole of the 
valleys of the bnowdonian range .is filled w ith enormous glai ic i s, the 
level of the siirf.ice of the ice filling the P.iss of Idanberis, using 500 
feet above the? present watershed .U Gorphw'ysfa In the lake l>is- 
tnet of Giiirtbcrkand and Westnioiland, Mr De Raiue has shown tliat 
a vast series of glaciers, or small ice sheets, tilled all the vallejs, 
r.idiatiiig' out in .ill directions from the kirger nuniiitams, wliiih 
formed centres of dispersion, the icc aetiully pushing over many of 
the lesser watersheds, and scooiuiig out the great roik-Kisins in 
which he the lakes Windermere, Idlswaler, 'IhirlmiTe, Comslon 
Water, and AVastw.iter, the Ix^ttoms of whiili tire nearly .ill below 
the sea-level The whole of this district, he has shown,* esiienenc eel 
a seeoncl glaciation, after the penod of great siihincrgeiiee, in which 
valley-glaciers scooped out the marine clrift, and left their uioiatnes 
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in the 1 1/a l.ingilalc, .and other \allcys, and higli up in the hills, as 
at Harrisons Stickle, where a tarn h.is been fonned by a little 
montnh', .u ting as a d.xni, as shoxm by Professor Hull 

In W.ales, also, vail ej -glaciers existed after the submergence be- 
neath the (ilacial se.i 'Hius in Cwnt-llafar, under the brow of 
Carnedil Davydd, and Carnedd IJeweljn, ‘Sir And Kams.aj hLis 
shown that .i narrow gl.u ler, about two miles in length, h.is ploughed 
out a long narrow hollow in the drift (which “fonns a succession of 
terrai cs, the result of marine denudation, during p<u]sc'S in the re- 
des ation ol Us submersion) to a depth of*more than th.in 2,000 feet 
'I’hc proAfs of this great submergence, succeeding the era of 
“ land n e, are c onstanll> .nc rtimiilaling Sim e 1 863, when Professor 
Hull hr it diMcled the thick gkacial deposits of Kastem Lancashire 
and Lhcsliirc into an L pper Moulder Clay, and Lower Moulder (’la^ 
duulcdbya Middle Sand and (Iravcl, the «w hole c>f whidi arc of 
marine origin, these sMbdiMsions ha\e been found to hold good, by 
himself .ind Professor (Ireen, o\er 600 siphare miles of country 
.iroiind Manchester, Holton, and Congleton , by Mr He Ranee over 
inothei 600 sipiare miles, .mnmd Lnerjxiol, I’reston, Jilackpool, 
Iliac kimrn, and Lancaster, .and also in the low country lying betw^een 
the Ciiiiiberland .ind "W elsh mountains .and the se.i 

In Irel.ind, also, the s.ime triplex arnangenicnt ajipisars to exist 
Professors Ilarknoss ,ind Hull have iclentUied the “ Lifnestonc and 
M.uinre tinivels ’ of the central plain, .is referable to the “Middle 
S.ind and (Iravel, and the “ Lower Moulder L lay' rests on a glac^lated 
rock-surkice along the coasts of Antrim .mil Down, and is oierkim 
by sand, which, in 1833, x\,is cliscovored by Dr Sc outer to bo bhell* 
bearing At Kingstown the three dejiosits .are seep resting on' a 
monlonnc'ed surfac e of granite, sc orecl from the N N W 

In L.mcashire and cm tlu^ coTt of North M tiles, hetween T,l.in- 
chidno and Rhjl, Mr He’ kimc has shown th.il these eleposits often 
he upon the denuded .ind eroded siirkue ot .another 'day, of older 
date, whieli he liehjxes to be the prcKluit of laml-iee, the' remnant of 
the ///ci/vt/z/e ptofotufe, and the ecjuivalent of the Sc oteh “Till. ’ Ilealso 
shows that the laiwer Moulder ('lay never risc-s .ibovc an elevation of 
fift} or eighty feet above the se.a-levcl, and that the Middle .Sand and 
Shingle rests directly upon the rock, or on the surface of this old Till 
Near M.nliehester the Lower Moulder Cliy o< c asionally rests upon 
an old heel of sand .and gravel It is extremely loc.il, but its prebence 
has been recorded m several sections* by Mr.Kdward Minney, who 
• 

* ProfevipOr Rctmsay, “The Old Glneienc of North Wales.” I.oiiginan, 1860. 
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was the first to show, in 1842,'* that the Lancashire Hoiildcr Clays 
were formed in the sea, and that the errntn pebbles and boulders, 
mainly derived frpm the Cumberland I^k.e Districts, were brought 
south by means of floating ice 

Most of the erratic jiebl/lcs and boulders 111 the l,ancasliire clays 
arc nforc or less bcratc hed and scorcnl, many of them (though iiuitc 
rounded) in so many directions that Mr De Ram e believes the C iim- 
lierland and Westmoreland hills to have been sunoiinded by an u e- 
belt, which, occasionally tliaiviiig during summer or wami ejiNodes, 
admitted “ breaker action” on llic gradually siibsidmg coast, vv earing 
the fragments of rocks brought demn byriveis or hy glaciers into 
pebbles that, with the return of the cold, became covered with the 
“icc-belt," which, lifted by the tides, rolled and dinted the pebbles 
olie against another, and gradual]} allowed them to be im])ressc'cl into 
Its mass, with which they evcnitually floated away 

The Middle Sands and Shingles in hnglaiid have also atlurclccl a 
great number of shells of molhisca At klac c Ic sfielcl they have been 
described by Messrs I’rcstwich and Dirbisliire as occurring at an 
elevation of t,ioo to 1,200 feet above llie level of the sea | 

Among other jiroofs of glacial action and subiiicrsion in Wales 
maybe mentioned the case of Muel 'rryfaen a hill 1,400 Icct high, 
lying to the westward of Caernarvon Ilay, ami si\ or seven links 
from C'acrnarvon. Mr Joshua 'rummer had observed slratilieil 
drift near the summit of this mountain, from wliicli he obtaiiud sonic 
njariile shells ; but doubts were entertained as to tliiir age until 1863, 
when a deep and extensive < lilting was made in starch of slalts In 
this cutting a stratified mass of loose sand and gravel was laid open 
neilr the siiminif, thirty-five feet thick, containing shells, some eiitiie, 
hut mostly in fr.igments Sir Charles I yell ivamiiieil the ciilluig, 
and obtained twenty s]>ories of shells and 111 the lower beds of the 
drift, “ large heavy boulders of far-lraiisjjorted roc ks, glac lally polislu‘d 
and srratc,hed’on more than one side ' imder'iealli the „ whole, die 
edges of vertical slates were exposed to view, exhibiting “iiiiecpiivoc al 
marks of jirolonged gkicialion ” The shells belonged to spec ics sliil 
living in lintish or more norUiern seas 

From the gravels of the Severn Valle*y, desc nhed by Mr Maw, 
thirty-five fonnsof inolliisc»i have been identified by Dr (myn jeflreys 

• In 1840 Dr Ifiti.kl.'iiiil ik'itnlH.il the nci inn niu of lujulikrs cif l rifle.! 
Griuiite between Shalbeeic iuul C.irksle, and atlnbiilecl tlieir position to the ngiiiey 
of ice floa'ing across the Solway Firth , 

t Mr Darbiahirc reewrds seventy species f'om Macclcsflekt ami Moel Tryfaen, 
taken together, of which 6 are Arctic, and 18 arc not known in llic U]iptr Cng 
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111 the Shingle beds of T^eyland, huxton, Chorley, Preston, Lancaster, 
and Blackpool,* Mr De Rone e has obtained nearly thirty siiecies 

In F'astcm Yorkshire, Mr Searles V Wood, Jim , has divided the 
glacial deposits into “ Purple Clay without Chalk,” “ Piiqile Clay with 
Chalk,” and “ Chalky Clay,” the whole being later than his “ Middle 
Glacial Sands and Gravel,’’ which, in Kist Arifeba, are overlain by the 
“ Chalky Clay,” and rest iinconfonnably upon the “Contorted Drift" 
of Norfolk, the Cromer Till, and the Forest Hed His three Yorkshire 
clays are, however, considered by most northern geologists to be the 
representatiies of the “ Upper Boulder VJlay” ivest of the Pennine 
Chain, the “<]halky CLiy” ha\mg been formed before the country 
had siiflincntly subsided to allow’ the s^indstones and marls, furnishing 
the red colouring matter, to have siiflercd denudation , while the 
“ Piirjjlc Clay without Chalk, and with Shaj) Granite,” was dcpositt^tl 
w’hen all the chalk was mainly beneath the ya, and the granite from 
Shap Fell, whu h had been broken up by breaker-action during the 
Middle Sand era, was floated across the passes of the Pennine Chain 
and southwards .md northw arils A solitary pebble of Shap granite 
has been found by Mr De Ranee at Hoylakc, m Cheshire , and many 
of Criflel Granite, in that county, and on the toast of North Wales, 
by Mr Maikmtosh, who has also traced the flow of this granite m 
the low country lying noith and south of the Cumberland motintains 

In stratiflcd clay s lK.‘longing to the (ilacial PcTiod, identical, as Dr. 
R Brown has shown, with those forming in the Greenland fjords 
from lilt sediment deposited by the streams flow ing from uiydulV the 
glai icrs, are found many shells belonging to living Arctic species 

Shells have been found 111 tlic Upper Boulder Clay of l^ncashire, 
at Ilollingworlh Reservoir, near Mottram, by Messrs. Binncy, Bate- 
man, and Prestwich, at an elevation of 56S feet above the sea, con- 
sisting of Ftnm I'urpura lapillus, Dir^itella terebra, and 

CanintHi ufn/i The clay is destnbctl by Mr Binney as sandy, and 
brown-coloured, with jiebblcs of granite and greenstone, some 
rounded and some angular All the above shells, as well as Tilhmt 
Jiaft/ma, h.ive been found m the UpjierClay of Preston, Garstang, 
ifla' kpool, and Llandudno, by Mr De Ranee, who has also found 
all the above s])eciv’s (w.th the c\cc]»tion of Fustts), as well as Psam- 
mttbia JtniHHsn, and the siliceous spiculle of marine syionges, in 
the Lou'er Boulder Clay of West Lancashire He has described 
the ordinary red Boulder Clay of l.ancashirc as extending con- 
tinuously tflrough Cheshire and Staffordshire tnto Warwickshire, 

* The typicil spccTts in West I aiiiashire are Tdhna lialthiea, Cardium edtile, 
C. aeulcalum, C ruttuum, /‘sammolnafirroensit, T urnttHa ter bra. 
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gradually becoming Jess red and more chalky, everywhere over- 
lying intermittent sheets of “ sands and shingle-bcds, ' one ot vvhu h 
lb ixirticularly well seen at Leamington and Warwick, where it 
contains from the Crag, Gt yphaa from the Taas, and chalk 

tossilb and fimts The latter have also been Found by Afr laicy 
111 til* neighbourhood af Mount Sorrel, associated with bits of the 
Coral Rag of Yorkshu’C The gravels of Leicester, Market Mar- 
borough, and Lutterworth were long ago descnbcHl by the Rev ^\' IJ 
Cunybeare as affording “ specitnenb of the organic rcmaiiib of must 
of the Secondary Strata in Ihigland ” 

The Rev Osmond Fisher has paid much attention to the buper- 
ficial covering usually described as “heading,” or “drift,” as well as 
to the contour of the surface, in districts composed of the softer strata, 
alid has published liis views in various papers m the geological 
journals and in a separate work on terrestrial physics Me thinks that 
the contour of the siiiface cannot lie ascribed entirely to the action of ram 
and rivers, but that the changes in the ancient contour since prodiu ed 
by those changes can be easily distinguished He finds the c overing 
beds to consist of two members— a lowir one, entirely destitute 01 
organic remains, and generally unstratified, whuh lias often been 
forcibly indented into the bud beneath it, sonietinies eshibitiug 
blickenside at the jupction 

There is evidence of this lower member having been pushed or 
dragged over the siirfai 0, from higher to low er lev els, in a plastic con- 
ditio,) , on which aci ount he has named it “ 'I’he 'I'rail ” 

- 'J'hc upper member of the rovenng beds consists of sod derived 
from die lower one, by weathering it contains, here and there, the 
remains of the land-shells whuji lived m the loc,ility at a period ante- 
cedent to ciiUivatiun. It lb “’I'hc Warp of Mr Trimmer 

Neither of thebc accuinulatiuns fx.ciir on low Hats, where the siirfac e 
has been modified'smc e the re< ent jienod 'I hey botli alike pass below 
high-watcr mark, and have been noticed beneath estuarine deposits < 
Mr.hibher is of opinion thatland-iie has been insthimcntal in 
fonnuig the contour of the siirfac c, ,uid that the trail is the lemnanl of 
Its moraDie profondc. And he has given reasons* for believing that 
the climate of those latitudes may have been siiftii lently rigorous fur 
that result about 100,000 years ago He attributes the formation of 
the superficial covering of Warp to a period of imiclj rainfall and 
severe wintcr-frostS, after the ice-slieet had disajipcaced. 

The phenomena which so jiowcrfully aflected oui* liemisjihere 
present themselveb, m a much grander manner,, in the New World. 

* Geoiogteal Magazmf, vol in , p 483 
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The glaucr-systcm appears to have taken lA Amenta the same 
gignntii, prn])nrtions nhich other objctts assume there Nor is it 
iiei,csii.iry, in order to c\]ilain the permanent existence of this icy 
mantle in temperate climates, to infer the prevalence of any very 
extraordinary degiee of cold On tins uibjcct M Ch Martins thus 
expresses himself “ 'I'lic nicxin temiK-ratiire af Geneva is g” 5 <Jent 
Upon the surroiindint' mountains the limit of ])er]>ctiial snow is found 
at «S,Soo feet above the level of the sea The great glaciers of the 
valley of (.'hamoimix descend 5,000 feet below this line Thns 
situated, let us suppose that the mean temiierature of Geneva was 
lowered only, 4®, and the average became 5“ 5, the denrease ot 
temperature with the height being 1“ c for every 600 feet, the limit of 
perpetual snow vvoiild be lowered hy 2,437 feet, and would be 6,363 
feet above the level of the sea. We can readily admit that tifc 
glac lei's of Chamounix would desc end bclo^ this new hnvt, to an 
extent at least etjual to that winch exists between their present limit 
and their lower extieinit) Now', m reality, the foot of these* glaciers 
IS 5,000 feet above the ocean , with a climate 4® colder, it would he 
2,437 lower, that is to saj, at the level of the Swiss plain 
Thus, the lowering of the line of jieqictiial snow to this extent would 
suflicc to bring the glac ler of the Vive to the environs of Genev'o. 

. Of the climate wliuh has favoured the jirodigious develop- 

ment of glaciers we have a pretty correct idea , it is that of Upsal, 
Stockholm, Chnstiana, and part of North America, in the State of 
New York 'I'o climmish by four degrees the mean 'leln- 

peraliire of a country in order to expLun one ot the grandest revolu- 
tions ol the globe, is to venture on an hypothesis not boldcc tlun 
geology has sometimes permitted to itself”* 

In proving that glaciers covered part of Kiirope during a certain 
period, that they extended from the North Pole to Northern lUilj 
and the llaiiube, we have sutt'iciently established ’the rtality of this 
glacial fh nod, which wo must consider as a curious episgdc, as well as 
certain, m rhe history of the earth Such masses of ice vcould only 
have I.UV erc'd the earth when the temperature of the air was lowered 
at least some degrees below zero Jiiit oiganlc life is incdmpatible 
with such a temperature, and to this cause must we attribute the 
clisa])pcarance of c eftain spec les of animals Unci plants — m particular, 
the Rhinocenos and the Klcjihant — which, before this sudden and 
extraimlinary cooling of the glolie, appear to have limited them- 
selves, m immense herds, to Northern l£uro])C, and chiefly to Siberia, 
where their remain*^ have been found in such prodigious qifantities. 

• A’eiwjr/tf Dtttx Memits, 
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Cuvier sa>s, speaking* •* of the bodies of the cpiadrupeds which the ice 
had seized, and in which they had been preserved, with their hair, 
ilesh, and skin, up to onr own times “ If they had not been frozen 
as soon as killed, putrefaction would have decoinposcd them , and, 
on the other hand, this eternal frost i oiild not hav e prev inusly pro- 
vailed in the place where they died, for they could not have livetl m 
such a tcmiierature It was, therefore, at the same instant when 
these animals perishcHi that the country they inhabited was rendered 
glacial Those events must have Tveen sudden, instantaneous, and 
without any gradation ” * 

Howcan we explain \\\cglaaalpemfdl We have explained M Adhe- 
mar’s hypothesis, to whu h it may he objected that the c old of the glacial 
]>CTiod was so general tliroughout the I'ular and temperate regions on 
bbth sides of the eijiiator, that mere loml changes in the external con- 
figuration of our jilaiiet and displa< cmciit of the centre ol gravity 
scarcely aftord adeqii ite causes for so great a revolution m Uinpera- 
tiire J)r Croll has promulgated another theory, which is now 
the one most generally acceplecJ. This is that the stiongly contrasted 
climates of the Pleistocene period were the indirect result of the 
increased eccentricity of tlie cxirth’s orbit combined vvilli the pie- 
cession of the Kciuiuox bringing the earth during a pciiod of high 
eccentricity, when in apliehon, 
nearly g,ooo,ooT of* miles farther 
from the sun tli.iii il is at jiresent 
Or.* the other hand, when in 
penhcTiun it would bo 14,000,000 
miles, nearer that luminary than it 
is now', with the result that “ the 
hemisphere whicli had its winter 
111 aphelion would then lx: 
subject to severe c old, and its 
snows woiild.iiot disappear during the succeeding short summer, the* 
tcmpcr.'iturc of which would Iw lowcrecl by their iireseiicte '1 liiis m 
time that hemisphere would be subiceted to severe glac lal c oiidition,” 
with a cbntrary result m the opjrositc hemisi>hc*re This is more 111 
accordance with the facts of the case than the alternate uprisings and 
subsidences which arc the essential feature of Mr W.irrcn Upham’s 
ingenious hypothesis * , 
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* Wright, “ Ice Ag& m America " (i8go) , Croll, “ t Innate ahil Time" (1887) 
and "Climate and Cosmology” (1885),} (tcikic, “Crtil Ice Age" (1877) and 

•* 0 ‘itline'>ofCicology"(i 886 ) jUrown, “ Arcliv Papcisof the R "s ” (1875), c.lc 


Al’PEARANCE OF MAN AND THE 
ASIATIC DELUGE. 


1 1 Wiib only after the glatinl penod, whcn>the earth had resumed its 
normal temperature, that man appeared Whence tame he ? 

ITc (.line from nhence originalcil the first hUodc of grass winch 
grew upon the hnrning rocks of the Sihinan seas, from whence pro- 
« ceded the ch Ik rent r.ues of animals which havesiuccssively replaced* 
ca( h other ii]ion the globe, gnuhiallv, but unccMSingly, rising in the 
scale of iierfedion He cman.itcd from ihfc supreme will of the 
Author of the worlds which constitute the universe 

'1 he earth has jiasscd through many phases since the tune when 
—in the wools ol the tsund Record — “the earth was without 
form .111(1 101(1, and daikncss w.ts upon the f.ue ut the deep 
And the S]iirit ol (lod moved upon the fa( e of the waters ” We have 
ronsulcud all these phases , we hate seen the globe floating m 4 >pace 
in a state of gaseous nehiilosit), condensing into li(|iuchty, and 
beginning to soil! Illy at the slirf.xcc We have ])u lured the mteriial 
.igitatious, the disluibanc es, the |>.irti.il dislocations to which the 
earth haslieensiibjec ted, almost without interruption, while it coiilcl not,* 
.is yil, resist the tore e of the w.i\ts of tlie liery sea imprisoned williiii 
Its fragile crust We h.ive seen this en\ elope acipiinng solidity, and 
the geologiial (at.i(l)sms losing ilieir iiitensily .and frequency m 
jiroportion as this solid crust increased in thickness We ha\e 
looked on, so to speak, while the work of org.imc cT’csition was pro- 
ceeding W e l].i\e seen life making its .qipearanrc upon the globe , 
and the first (ilaiits and anini.ils s]innging into evistence. -We have 
seen this organic' creation mullipl) ing. bcc'oinmg more complex, and 
const.inlb made more perfec i with each advance m the progressive 
phases of the history of the earth We now arrive at the greatest 
e\ciil of this historj; at the crowning of the edilice, jr pana beet 

COlHpOlh ! t' f 

At the clijse ol the Icituuy epoch, the contmcnls and seas 
assumed the respec tive limits which they now present The distar- 
banc’cs of the ground, the frac tures of the earth’s c rust, and the volcanic 
eruptions which are the consc([ucncc of them, only occurred at rare 
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inteVvals, occasioning only local and restricted disasteis. 'llic rivers 
and tlieir affluents flowed between tranquil banks Animated Nature 
IS that of our own days. An abundant vegetation, diversified by the 
existence of a climate which has now been aciiuired, cnibellishes the 
earth A multitude of anipials inhabit the w.ilers, the dry land, and 
thCaUir. Nevertheless, creation has not )et achieved its greatest 
work- -a being capable of comprehending these marvels and of 
admiring the buhliinc work, a soul is wanting to adore and give 
thanks to the Creator. 

God created man. • 

What is man ? 

\Vc might say that man is an intelligent and moral being , hut 
this would give a very imperfect idea of his nature I'r.inklm sa)s 
Aat man is one that < an make tools ' 'I'liis is to reiirodiice a portion 
of the hibt proposition, while depreciating it Arisiotle c.ills man the 
“wise being,'* ffiov voAmicb^. lannanis, in his “Sjstem of Nature, ” 
after having applied to man the epithet of wise {/louio sti/>itns) writes 
after this generic title these profound words Atutc fi ipnini 'J'he 
Freni h naturalist and philosopher, Isidore Geoflroy Samt-l lilaire, 
says, “ 'I'lie plant //rvr, the animal //rvj ttm/ J»e{\, man ful\ aiui 
ihtnki a sentiment which Voltaire had already espressed “ 'J'he 
Eternal Maker,*’ sa^s the plulosophci ot I'crncy, “ has giv eu to man 
otg.uiisJtion, sentiment, .and mtelligcme, to the amm.ils sciitmicnt, 
and what we lall instinct, to vegetables organisation alone Ills 
pewser then aets continiKilly upon these three kingdoms” It is 
probably the nniiiKil which is here de]ireiiated 'I'lie .anim.al on 
inany_ occasions undoubtedly thinks,* reasons, delihe*ratis with itself, 
and .lets in virtue of a decision maturely weighed , it is not then 
rcdiu ed to mefe sensation 

'I'o define e\.u lly the Ininun being, we believe that it is necessary 
to characterise the'iiatiire .mil extent of his intelligence In certain 
cases the intelligence of the animal aiiproachts nearly to that of man, 
hut the.Iatter is endowed with a certain faculty which belongs to him 
exclusively, in creating him, God has .icldcd .111 entirely new stc']),in 
the asLCAclmg sc ale of aiimulecl beings 'I’lns fac iilly, peciiii.ir to the 
luimau raee, is abstrattum We will s.iy, then, th.it 111.111 is an 
intclln^eut being, gifted with the fac iilty of c i)ni]m hendmg the ahsiiact 

It IS by this faculty that man is niised to a pre eminent degree of 
inatcnal anil moml power Uy it he has siihihied the e.irth to his 
empire, .and by it also his nnpd rises to the most sublime contempla- 
tions Thanks to tins faculty, man has c onci'jvcd the ideal, and 
realised poesy He has conceived the infimte, and created mathc- 
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matics Siicli is the distinction which separates* the human race so 
widely from the animals — w’hii h makes him a creation apart and 
absolutely new upon the (jlobe A beiiiK capable of c^omprehending 
the ide.il and the infinite, of irtating poetry and algebra, siieli is 
man ' To m%'ent and understand this fonjuila-- 

(it +/J)- - if -j- 2 ttl> +^, * 

or the algebraic idea of negative cpiantities, this belongs to man. It 
is the greitest jirivilege of the luinian bting to exjiress and compre- 
hend thoughts like the iollowuig * 

■ 

J 1 1 ii-. SI III p|^s (ks llots, Jill iiiu mill il I loiles, 

I' Is III! niii^t* auK tauvstii ks iiiLTs pa£i <k cut'is. 

Mis M.ii\ pliins'i unit pills liiiii ipiL k iiiimik ml, 

1 1 lis \(.iits lI Its iiit.is, 1 1 liiiilt K iialun. 

SLinlilumt iiiUirt)};! 1 iliiis iin conkis iii^rniuic*, 

1 cs Hots Uis mcis, ks It UN (III Lic-I 

I lies otolksd’or, Ui{Miis iiiIiiiik, 

A voiv luuU, .1 \oiN liisst, .utc millc Inrmonies 
Ills unit, Lii im lin.iiil I ur loiiroiini' ile rni, 

1 t Its Hots blctis, (MIL riLn 111. )>oii\LriiL it ifirnlli. 

Disiunt, <11 lecotiroaiil riLiiiiu Hi kiirniti' 

“ (. cst II Scigrtiui, lo SiLij'iuiir Dim > 

\ II loK Ifi (.1), /es OiNutaliS 


Akiuo wiili tin uaves, on a starry night, ' 

M) llioiighls lirawa> in tlii itirmili , 

On lliL sL.i not 1 sail, iM*l .1 Unail in the skv. 

Anil (hi wind .md thi waves willi sweet lullah} 

Seem to ipiistion in iiiurnuiis of w)stery, 

1 lie fins of heiMii, tile vv ives of the sea 

Ami the golden stirs of the heavens rose higliA, 

I larniuiiioiislv likiiding tlieir crowns of lin. 

And the waves vvliieh no rulii^ hand may know, ' 

’’kliilst a lli<ius,and murmurs now high, now low, ' • 

biiig, while curving their foaming crests to the !>e.a, 

It IS the foul (jixl ' It is lie ’ s 

The “ Mc^raiiKiiie Celeste" ot laiplacat, the “Principia" of 
Newton, Milion'h “Paradise Lost,'’ the “ (^ricntaleb ’’ by Victor Hugo 
— arc the fruits of the fatuity of abstratimi 

In tlie year 1800, a being, half savage, who lived in the woods, 
clambered iiji ilie trees, slcjit iijion dried leaves, and fled on the 
approach of men, wits brought to a physician named Pincl. Some 
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sportsmen liad foufid him , he had no voice, .ind Vins devout of 
intelligence, he w.is known as the little savage of Aveyroii 'I he 
Parisian savants for a long time disjnited over tins blraiigc individual 
Was it an ape ? — was it a wild man ? 

The learned Dr ItanHias published an inteicstmg histor> of the 
sav&gc of Aveyron He would sometimes desi end, ’ lie \\ rites, “ into 
the garden of the deaf and dumb, and scat himself upon tlie edge of 
the fountain, preservnng his balance by rocking himself to and fro , 
'after a time his body became (|tiite still, and liis fare assiniied an e\- 
'pression of profound inelincholy He would remain lliiis for hours 
— ^regarding attentively the surface of the water upon winch he 
would, from time to time, throw' blades ot guss and dried leaves At 
night, when the clear moonlight pciielrateil into the chamber he 
Ticcuined. he rarely failed to rise and place himself at tlic window, 
where he would rcniaip part of the night, cTec t, motionless. Ins nei k 
stretched out, his eyes fixed u{)on the landscape lit up by tlu' inooii, 
lost in a sort of ecstacy of contemplation” 'I Ins being was, un- 
doubtedly, a man No ape ever exhibited sue h signs of intelligence, 
such dreamy manifestations, \agiic conceptions of tlio ideal- in 
other words, tlwt faculty of abstiaclum wluch belongs to huinaiiily 
alone In order worthily to introduce the new inhabitant who conics 
to fill the earth .with Ins presence — who bungs with han intelli- 
gence to cxiinprchcnd, to admit c, to subdue*, ancl to rule tin i re ilion 
(Pl XXXII ), we recpiire nothing more than the grand and simple 
tafiguage of Moses, whom Jjossnet calls “tin* most ancient of 1ns- 
' tonaus, the most subhiiie of iiliilosojilicrs, the wisest of legis- 
bitocs” Let us listen to the wofds of the inspired writer “ \nd 
tJod said. Let us make man in our image', after our likenes', .md let 
them have dominion over the fish of the sea, and over the Jowl of' 
the air, and oyer the cattle, and over all the c.iilli, and over evciy 
creeping thing tluitcreepcth ii\Km the* eaith So (lod cieated man in 
his own image, in the image of (ickI cuated he him, iiuile and 
female createcl he them ” 

“ And (lod saw everything that he had made, and, hchuld, il. was 
very good ” 

Volumes have liceil written U|ion the cpiestioii of the unity of tlie 
human rac u , that is, whcllicr there were many c cntiet« of the c rc.iLioii 
of man, or vvh'ellicr our race is derived soli*lv iioiii the* Adaiii of 
Scripture We t]iink, with many iialiinilists, tliat the slock of 
humanity is unique, and that the different liimaan races, tlie negroes, 
and the yellow race, are only the rc;siilt of tlio mfliicncc of climate 
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upon organisalion. We consider the human race'as having appeared 
for the first tunc (the mode of man's creation being veiled in Divine 
mystery, eternally impenetrable to us) in the nch plains of Asia, on 
the smiling banks of the I* uphrates, as the traditions of the most 
ancient r.iccs teach us It is there, where Natuie is so rich and 
vigorous, in the brilliant climate and under tht? radiant sky of Asia, 
in the shade of its luxuriant masses of verdure and its mild and per- 
fumed atmosphere, that man loves to represent to himself the father 
of his rai e as issuing from the hand of his t'reator 

We are, it mil be seen, far from sharhig the opinion of those * 
naturalists who. represent man, at the beginning of the existence of 
his spec les, as a sort of ai>e, of hideous face, degraded mien, and 
covered with hair, inhabiting caves like the bears and lions, and jiar- 
ticipating in the brutal instincts of those savage animals’* IhercT* 
is no iloiibt that early man jiossed through ^ period in which he 
had to contend tor his existence vvith fenx unis beasts, and to live in 
a primitive state in the woods or sav.mnahs, where Providence had 
placed him Put this penod of probation came to an end, and man, 
an eminently sot lal being, b) combining m groups, ammated by the 
same interests and the same desires, soon found means to intimidate 
the animals, to triimi]ih over the elements, to protect himself from 
the innumerable penis which suiToundc*d him, anil .to subdue to his 
rule the other inhabitants of the earth “ The first men,” »ys 
PufTon, “witnesses of the convulsive movements of the earth, 'still 
rc*cent and freipient, having only tlie mountains for refuge from tfie' 
inundations , and often driven from this asylum by volcanoes and 
earthquakes, which trembled under their feet, imediuatccl, naked, 
andexposed to the elements, victims to the fury of ferocious animals, 
'whose prey they were icTtain to become, impressed also with a 
common sentiment of gloomy terror, and urged by qeicssity, would 
the) not unite, first, to defend themselves hy niimfJcrs, and then to 
assist each other by working m coiuert, to make 'haliitations and 
arms ? 'Die/ began by shaping into the forms of hatchets tKcschanl 
Hints, the jade, anil other stone's, wliii h w i re supposed to have been 

The skull found in itlSy in a cave, at Sjiy in Iklgium is bclicveil liy some 
anatomists to be the most mnnkuy-likc of all the prehistoric crania as yet cliscovercil, 
and to liclong to a race identical with the owner of the Canstadt and Neanderthal 
skull. Virchow, dti the other hand, proved that the general form of the latter 
was widely spread in -mcicnt and modem times in the region m which the skull 
was found llotuy declares that he hoa seen ii\ the streets people with similai 
crania, while Iluxicy recards another skull of the samb age, that of 'Engia, 
as capacious enough to h&ve held the brain of a philosopher These facts make 
us hesitate before accepting the conclusions regarding the .Sj^y skull. 
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formed by thunder 'and fallen from the clouds, but which are, never- 
theless, only the first examples of man's art m a pure state of Nature. 
He will soon draw fire from these same flints, by striking them against 
each other, he will sci/ethe flames of the burning vokano, or profit 
by the fire of the rc(l-hot« lava to light his fire of bnishwood in tlic 
forest , and by the help of this powerful clement he cleanses, purifies, 
and renders wholesome the place he selects for his habitation A\ ith 
his hatchet of stone he < hops wood, fells trees, shapes timber, and 
puts It together, fashions instnimcnts of warfare and the most nec cs- 
*sary tools ami implcmcni^, and after having furnishcil themselves 
with clubs and other weighty and defensive anus, did not these first 
men find means to make lighter wea|>ons to reaihthe suifi-footeil 
stag from afar A tendon of an animal, a fibre ol the aloe-leaf, or 
* 1 hc supple bark of some ligneous plant, woiilil serve as a cord to 
bring together the tw'q extremities of an elastic brain li of \e\v, form- 
ing a bow , and small flints, shaped to a point, arm the arrovv 'I hey 
will soon li<ave snares, rafts, and c.anocs tluv will form themselves 
into communities composed of a few f.imilies, or rather of rekitions 
spning from the same family, as is still the <ase with some sav igc 
tribes, who have their game, fish, and fruits in (oiiimoii lint in all 
those countries whose area is limited bj w.itei, or sunoiiiuled by high 
moufituns, these small nations, bctoming too mimerous, have been 
in time foivcd to parcel out the land lieiween them , and from that 
moment the earth has betoinc the dumniii of m.in , he has taken 
bc/ksession of it by his labour, lie lias (ultivated it, and altaihmentto 
' the soil follows the verv first ad of possession , the jirivate interest 
raojses part of the national inlerdM , oriler, civilisation, and Laws 
succeed, and socictj .i< (pure's forte .md consist lik) Wclovcto 
quote the sentiments of a gieal writer but how iniith more ehupient 
would the words of the naturalist have been, if he had added to his own 
grand eloquent e language, the know ledge w-hu h st ic 111 e has jil.u cd 
within reach of tlie writers of the present time if he icuild have 
painted ifiaiv 111 the early <l.i>s of his crc.itu)n, in pnJsenre of the 
immense animal ])opu 1 alion which then nccii|iie(l the earth, and 
fighting with the wild beasts whuh filled the forests of the .indent 
world ' Man, comparatively very weak in organisation, destitute 
of natural weapons of Jittack or defence, incajiahle of rising into the 
air like the birds, eir living ilnder water like the fislii s .unl some reptiles, 
might seem eloomeil to spi-edy destnu tion lint he was inarkeil 
on the forehead \vil,h the Divine se.1l Thanks to the 'superior gift of 


* ** Fpoques ( 1 e In Nature, ” viil vii , pp 322 — 325 tSmo. Paris, 1778. 
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an exceptional intelligence, tins being, in appcaranc c so helpless, has 
by degrees swept the most ferocious of its occupants from the earth, 
leaving those only who cater to his wants or desires, or by whose aid 
he changes the primitive aspects of whole continents 

f 

The antupiity of man is a question which has largely engaged 'the 
attention of geologists, and many ingenious nigiinients have been 
hazarded, tending to prove that the human race and the great 
extinct hlammalia were contemporaneous 'I’lie circumstances' 
bearing on the ipiestion arc usually ranged under lliree senes of facts 
I The C’ave-deposits , 2 I’eat and shell mounds, 3 Laciistnnc 
habitations, or l.akc dwellings 

We have alrcculy bnclly touched upon the Cave-deposits In the 
Kirkdale Cave no remains or other traces of man’s presence seem t 5 ^ 
h.ive been discovere«.I Hut in Kent’s Hole, an unequal deposit of 
loam and clav', along witli broken bones much gnawed, and the tcctli 
of both estmet anri living Mammals, imiilcmcnts evidently fashioned 
by the human hand were found in the lollow'ing order m the upper 
jjart of tlie flay, .irlila i.illy-shaped Hints , on the clay rested a layer 
of stalagmite, in whuh streaks of burnt charcoal ocnirrcd, and 
charred bones of cMsting species of animals Above the stalagmite 
a stone half het, or celt, maclc of syenite, of iniirc fiiushecl appearance, 
was met with, with .irlicles of bone, round pieces of blue slate anil 
s,in(lstune-gi it, pieces of ])oltcry, a miiiibcr of shells of llic mussel, 
limpet, and oyster, and other remains, Celtic , liritish, and Roman, of 
very early date , the lower deposits vire those with which wc arc here ’ 
more ])artu ularly < one erned The Rev J MacEiiery, the gcnllo- 
man who explored and dcs< ribed them, asi crtained that the flint 
instruments oc< upied a uniform situation intermediate between the 
stalagmite and the upper surface of the loam, forming a ( oimecting link 
between both , and lus opinion was that the epoch dT the introduction 
of the knives must be dated antecedently to the formation of the 
stalagmite, from the era of the iiuicsfcTil sctlleinent of the mud 
I'roan this view it would fullow that the rave was visited posteriorly 
to the introduction and subsidence of the laam, ami before the for- 
Illation of the new siqier-stratum of stalagmite, by men who entered 
the cave and disturbed the original deposit* Although flints have 
been funnel m ,lhe loam underlying the regular crust of stalagmite, 
mingled confusedly with the bones •fnd unconnected with the evn- 
clenc e of the \ rsits of man — such as the excavation of ovens or pits — 
Dr. Huckland refused, his belief to the statement that the flint imple- 
ments wcTC found beneath the stalagmite, and always contended that 
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they were the work of men of a more rerent ])LTiod, who hail broken 
up the sparry floor, 'i’he doctor supjroscd th.it the ancient Itntons 
lu<l scooped out ovens in the slaUigniitc, .'ind that through them 
the knives got .'idinission to the iindcTlying lo.ain, and that in this 
confused slate the several ftintenals were cemented together. 

* 'in 1858 Dr Kilconer heard of the 11c wlj -discovered rave at 
Bnsham, on the opposite side of the Kay to 'ronpiav , and he took 
steps to prevent any doubts being entert.iincd with reganl to its c 011- 
jcnls This cave vv.is composed of sev er.il p.iss.iges, with four 
entrances, formerly bloc kec) up with breccia and csirthy mattei , the 
m.ain opening being ascertained by Mr Ihistow to be sev entj -eight 
feet above the v.alley, and ninetj-five feet above the se.i, the c.ive 
j^self being m some pl.xc es eight feet wide 'J'he contents of the c ave 
were covered vvith .1 lajer of skilagmile, from one to tiltcen inches 
thick, on the top of whuh were found the horns of a Reindeer, 
under the stil.agnnte came reddish loam or f.ivce.irtli, with pebbles 
and some angiibr stone's, from two to thirteen fc'el tliick, containing 
the* bones of hlcphants, KhincMeios, Rears. I[).tii.is, l-ehs, Rein- 
deer, Horses, 0 \en, ancl sevc'ral Rocknls .iiicl, l.istb, .1 J.ijer of 
gravel .and roimded pebbles without fossils uncleikaid the e.ue caitli 
and formed the lowest tlc'ijcjsit 

In these beds no hunnn bones were found, but 111 .ilmost every 
jiart of the bone bed were Hint knives, one of the most jicrfect being 
touiid thirteen feet down in the bone bed, at its lowest pait The 
^mo^t Kanarkable fac t m connection with tins c ave vv.is the disc overy 
of an entire left hind leg of the C.ivc Bear lying in close proximity 
to tins knife , “ not washed in a fossil st.ilc out of .an older .iHiiv 111111, 
and swept afterw.ircls into this cave, so as to be mingled with the 
flint implements, but h.aving been introduced when cdotbed in its 
flesh” The implement and the Be.ii’s leg were cv idenlly clc'ijosiied 
about the vtii'e* time, ancl it onlj rccjuireci some approxim.ativ e esti- 
mate of the cl.ate of this deposit, to settle the cmcstion of the .mlii|uity 
of man, at’Ieast in an affirmative sense 

Mr H W Bristow, who was sent by the Commiltee of the Ro).al 
Society to m.ake a plan .and dr.iwings of the Brivham ( ave, loiind 
th.it Its enlranc e was situated at a height of iimcl)-rivc feel above the 
jiresent level of the se.i ' In his Rejjort made to the Roj.il .Society, 
in explanation of the i>lan' and, sec lions, Mr Bristow ‘-sl.Ue'd that, in 
.all probability, at the time the e.ivc w.as foimed, the land vv.is .it a 
lower Ipvel to the extent of the observed disianc e of ninety-five feet, 
and that its mouth was then situalexl at or near the level of the sea 

The cave consisted of wide {^lleries 01 p.ass.iges runn iig in a 
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nortli .mrl south ilircciion, with miiiur hiter.il passages br'induiig off 
nearly at right angles to the mam o\)enmgs -tlie whole rave licmg 
formed m the joints, or natural division.d plants, of the rot k 

The mouth orentranre to the cave originated, in the first instance, 
in an ojicn joint or fissure in the Devoniin hi^cstone, which became 
widened by water flowing backwanls and forwards, and w’as partly 
enlarged by the atmosjihcnc water, whuh jiercolatcd through the 
tracks, fissures, and open jomts in the overlying rock The 
jicbblcs, fonniiig the low'cst dejxisit in the cave, were onhnaiy 
shingle or beat h gravel, washed in by tVie waves anil titles 'I’lic 
Clive earth w'os tlie resitliial jiart of the limestone rotk, after the calca- 
reous portion had been dissolved and carried away in solution , and 
the stilactite and stalagmite were derived from the lime deposityj 
from the jiert olating w.ater 

With regard to bone caves generally, it « would seem that, like 
other such openings, they arc most common m limestone rocks, 
where they have been formed by water, vvhirli has dissolved and 
tarried away the ( aloireons ingredient of the rot k In the c<ise of 
the UriNliam tavc, the mode of attion of the water could be tlearly 
traced in two wajs first, in widening out the principal passages 
by the rush of water batkw.irtls and forwards from the sea, and, 
secomlly, b) the infiltration and percolation of atmospheric w'atcr 
through the ovcrbing rock In both cases the active agents m jiro- 
thicmg the tave had taken athantage of a prc-e\isting fissure pr 
crat k, or an ojien joint, which they gradually enkarged and wulened 
out, imlil the oiiemng ic'eivcd its final proportions. 

I he cave presented no ajipear.incc of ever having been inhabited 
by nun , or of having been the tlcn of Ilyicn.is or other animals, like 
Wookey Hole m the Mcndips, and some other bone caves The 
most jiroluble supposition is, that the hind tjuar^’’ of the Hear and 
other bones which were found m the cave car|ii hatl been washed 
into the cave by the sea, in v Inch they were floating abtiut 

^Ve draw some inferences of the greatest inteicst and significance 
from the Drixham cave and its contents „ 

We learn that England was, at one time, inhabited by animals 
which are now extinct, and of whose existence we have not even a 
tradition , that man, then ignorant of the use of metad, and little 
better than tile brutes, was the contemjvur&ry of the animals whose 
remains were found m a cave, leather w ilh a rude flint implement 
— the only kilid of weapon with which our savage ancestor defended 
himself against animals scarcely wilder than himself 

We also learn that after the cave had been formed and sealed up 
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again, as it were, together with all its contents, by the deiiosition of 
a solid crust of stalagmite — an oiieration rcciiuring a very great length 
of time to effect — the Keindeer (Cenms Tarmidus) was indigenous to 
J^^ngland, as is proved by the occuTTcncc of an antler of that animal 
which was found lying upon and {lartly embedded in tlie st.i 1 aginite 
fornnng the roof or urtiermost, that is, the latest formed, of the (.i\c 
deiiosits. 

Lastly, we learn that, at (lie (line the cave was fonnccl, and while 
fhe land was inhabited by man, that jiart of the coiintr) was lower by 
'ninety-live feet than it is ]?ow , and that this elevation has pioliably 
been produced so slowly and so gradually, ns to have been iininr- 
ceptible during the lime it was taking place, which extended over a 
vast interval of time, perhaps over thousands of j cars 

Perhaps it may not be out of place here to describe the mode of 
formation of bone ( IV (;s generally, and the causes which have pi o 
duced the appear inces these now ]»rc*scnt 

Caves 111 limestone rocks have two prim ipal phases one of for- 
mation, and one of filling up So long as llie vvalei vvliu li enters the 
cavities in the course of fonnatiun, and carries off some of the calca- 
reous matter m solution, can find an easy cvit, the c avilv is c oiilinu- 
ally enlarged, but when, from various causes, the vvatei only enters 
in smill (quantities,, and clocs not esc„ipc, or oulj finds its w.iv out 
slowly, and 'with diriiculty, the lime, inslc.id of b« ing removed, is re- 
(Icposited on the walls, roof, sides, and llooi of the cavity, in tlic 
fortli of stalactites and stalagmite, and the woik of re-filling with 
'solid carbonate of lime then takes plac e. 

lincouraged by the Hnxham diseu\ cries, a coiigi ess of I- 1 1 nc h 
and hnghsh geologists met at Amiens, m order to consider (e‘rt.iiii 
evidence, on which it w'as sought to establish as a fact that man and 
the Mammoth wtre formerly contcin])oraries 

Tlie vafley of^he bomme, between Abbeville and Amiens, is 
ocxupiccl by beds of peat, some twenty or thirty feet deeii, resting on 
a thin bed of clay vvhi(,h covers other beds of St-incl and’ gravel, and 
Itself rests on white Chalk wiUi Hints. Itonlcnng the valley, some 
hills rise; with a gentle s 1 o|m.’ to a height of 200 or ^'qoo feet, and here 
and there, on their summits, are jiatches of 'I’ertiary s,uid and 1 lay, 
with fossils, and again more extensive layers of l().uii 'I he mfereiic e 
from this geological slnidiirc is that the river, ori^;inally flowing 
dirougli the Tertsary formation, gradually cut its way through the 
various, strata down to its jiresent level Prom the dei>ih of the qieat. 
Its lowrcr part lies below the sca-leve 4 , anil it- is supposed that a 
depression of the region lias (x.curred .it some period . again, in land 
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lying quite low on the Abbeville side of the ‘valley, but above the 
tidal level, tnanne shells occur, vihich indicate an elevation of the 
region , again, about loo feet above the valley, on the right bank of 
the river, and on a sloping surface, is the Moulin-Qiiignon, where 
sliallow pits exhibit a floor of chalk cuvered by gravel and sand, 
accompanied by gravel and marly chalk and flints more or less Vorn, 
well-rounded Tertiary flints and pebbles, and fragments of Tertiary 
sandstone. Such is the general dcscnption of a locality which has 
act[uircd considerable celebnty in connection with the question oft^e ^ 
antupiity of nim * 

'i'he Quaternary deposits of Moiihn-Qiiignon and the peat-beds of 
die Soiiiiue formerly fiimishctl Cuvier wath some of the fossils he 
desenhed, and in later times chipped flint implements (roin t|]f 
quarries and bogs came into the possession of M Boucher dc 
Perthes, the statements were received at first /lot without suspicion — 
e8p..cKi11y on the part of h'nghsh geologists who were familiar with 
similar attempts on their own credulity — that some at least of these 
were manufactured by the workmen of the district At length, the 
disc overy of a human jaw and tooth in the gravel-pits of St Acheiil, 
near Amiens, produced a rigorous investigation into the facts, and it 
seems to have been estahUslicd to the satisfaction of Mr Prestwich 
and his colleagues, that flint implements and the bones of extinct 
Mammalia arc met with in the same beds, and in situatioils indioating 
very great antiquity In the sloping and irregular deposits over- 
looking the Somme, the bones of Elephants, Rhinoceros, with faml 
and fresh-water shells of existing species, are found mingled with flint 
implements Shells like those now found in the neighbouring streams 
and hcdge-iows, with the bones of existing quadnqieds, have been 
* obtained from the peat, with flint tools of more than usual finish, and 
together with them a few fragments of human bon&Si Among these 
remains, the Celtic memorials he below the G^o-Romun , above 
them, oaks, alders, and w'alnut trees occur, sometimes rooted, but no 
succession of a new growth of trees appears ' 

.The theory of the St Achcul beds is this they were deposited 
by fliiviatilc action, and are probably ninungsl the oldest deposits in 
which luiipan remains occur, older than the peat-beds of the Somme 
— ^I>ut what IS their /cw/ .ige^ Before submitting to the reader the 
very imjicrrect itnswer this c|uestion admits of, a glance at the previous 
"Sdiscovcrics, which tended to give confimiation to the observations 
just narrated, may be useful 

Implements of stone and flint have been continually turning up 
diinng the last century .and a Ivilf in all jiarts of the world. In the 
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neighbourhood of Cray's luii Lane, in 1715, a flint spuar-hi-ad was 
picked up, and near it some Elephants’ bones In the alluvium of 
the Wey, near Guildford, a wedge-shaped flmt tool was found in the 
gravel and sand, in which Elephants’ tusks were also found Under 
tlie clifls at Whitstablc an, oval-shaped flint tool was found in what 
had jirobably been a fresh- water deposit, and m which bones of the 
Bear and Elephant were also discovered. Between Ilcrnc Bay and 
Reculver five other flint tools have been found, and three more near 
the top of the rliff, all in fresli-water gravel In the valley of the 
■>«Ouse, at Beddenliam, m B‘;dfordshire, flint implements, like those of 
St Acheul, mived with the bones of Elephant, Rlunoreros, and 
Hippopotamus, have been found, and near them anoial .iiid a spL-ar- 
shaped implement In the pent of Jieland great numbers of siiih 
unplements luve been met with But nowhere have they been so 
systematically sought fur and classified as m the Scandinavian 
countnes. ’ 

Tlie peat-deposits of those countnes — of Denmark espci lally— are 
formed in hollows and depressions, in the northern drift, and Boulder 
clay, from ten to thirty feet deqi 'I he lower stratum, of two or 
three feet 111 thickness, consists of s/> 7 iagnitni, over wliuh lies nnollKr 
growth of peat formed of aciuatic and marsh jilanls On tlie edge of 
the bogs trunks of Scouh his of large si/e are found— a tree whuh 
has not grow,ii in life Danish islands within historic Imics, and docs 
not now thrive when planted, although it was (.vidcntly indigenous 
witlmi the human period, since bteenstrup took with his own hands a 
flint iifiplement from beneath the trunk of one 'J’hc sessile variety 
of the oak would appear to have suceeeded tiie hr, and is found at a 
higher level in the peat Higher up still, tlie (.ummun oak, Q,imat\ 
robur, is found along w ith the lurch, ha/el, and alder. The oak has 
111 Its turn been succeeded by the beech 

Another soui'cec, from which numerous relics of early huinamly 
have been tal^en is tlie imdden-he.ips (Kjokken-modding) iouiid along 
the Scandinavian coast These heaps consist of f.ustaway shells 
mixed with bones of cpiadrupeds, buds, and fishes, which reveal in 
some ro6[)ects tlie Iiabits of the early races which inh.ihited the 
coast Scattered through these mounds are flint knives, pieces of 
pottery, and .ishes, but neither bronze nor iron 'I'lic knives and 
hatchets arc said to be a degree less rude than those pf older date 
found m the peat. Mounds corresponding to these ' occur in all „ 
parts of the world, for example along the entire American coast 
The bones of the quadrupeds found in these mounds correspond with 
those of existing species, or species which have existed in histone times 
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liy cuIkctHig, .irniiiging, iind companng the flint and stone’ im- 
plements, the brandinavian naturalists have suLccecledinestalilishing 
a chronological suuesbion of jicnods, which tlicy designate — i. 'I'he 
Age of Stone , 2 The Age of Bron/e , 3 'I'ho Age of Iron 'I’he 
first, or Stone period, in Denmark, rorresponded with the age of the 
Scot! h fir, and, in part, of the sessile oak A considerable portum of 
the o.ik period corresponded, howeser, with the nge of bronze, swords 
made ol tlinl metal haiing been found in the ]ieat on the same level 
with the oak The //cw/ .ige coincides with the beech Analogous 
instances, confiniiatory ol these statements, occur in Yorkshire, antivs 
in the fens of^Tancolnshire 

The traces left indicate that the aborigines went to sea in canoes 
sc oo])ecl out ot a single tree, bringing back deeivsea fishes Skulls 
obtained from tlie ^leat and from tumuli, aiicl believed to be content* 
])oraneous with the mounds, arc small and round, witli ]>romment 
suiira-orbUal ridges, somewhat resembling the* skulls of Ii.iplanclers 

The third scries of fads (/cfXc ar huustnne habitahons) 

consisted of the buildings on piles in lakes, and once common in 
Asia and Isurope 'Pliey aie first mcnlicmcd by TIerodotus ns being 
used .imong the 'I'hracians of Jkeonia, m the moiintiiin-lake Prasias, 
where the natives hied in dwellings built on piles and connected 
with the shore by a lurrow' c:ausew'ay, by which means they escaped 
the assaults of -Xcrscs Buildings of the same ilesc nptinn orcupicd 
the Swiss lakes, m the mud of which hundieds of imjilements; nke 
those found in j)emnark, have been dredged ii]) Jn /iiricb, Moossee- 
dorf iiCiir Berne, and Lake (^instance, .i\es, celts, pottery, and* 
canoes made out of single (lecs, have been found , but of the human 
frame scarcely a trac e has been disc overed One skull dredged up at 
Mellon, m the Lake of Zurich, was intermediate between the laipp-hke 
skull of the Danish tumuli and the more recent I'.uropcan type 

'I'he age of the cliilercnt foiniatiuns 111 which t^hifse rc''ords of the 
Iniman race are found will probably ever rem.u^i a mastery 'I'he 
cvicluncc winch woiilcl make the implements formed by man contem- 
]iorancoiis w'lth the Mammoth and other great Mammalia would go a 
long way to prove that man was also pre-glacial Let us see how 
that .irgumcnt stands 

\t the period when the upper Norwich Crag was deposited, the 
general level cif the British Isles is siippo«ecl to have been about 600 
ft cl above itb* present level, and so connected with the Kuropeoo 
continent as to have received the elcniciits of its fauna and flora from 
them e 

By some great change, a pericxl of depression occurred, in which 
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all the country north of the mouth of the Thamcb and the iSnstoI 
Channel was placed much below the present level Moel Tryfacn 
experienced a submergence of at least 1,400 feet, during which 
It received the erratic blocks and other marks, indicative of floating 
icebergs, which have been described in a former section 'I’hc 
epuptry was raised again to something like its original level, and 
again occupied by plants. Molluscs, Fishes and Reptiles, Rirds, and 
Mammalia Again subsidence takes place, and, after sever.il oscil- 
lations, the level remains as wc now liiid it 'J'hc estimated time 
■4equired for these various i;hangcs is something enormous, and might 
have extended the term to double the niimlxir of years The unit 
of the calculation is the upward rate of movcnienf observed on 
the Scandinavian coast , applied to the oscillation of the ancient 
«oast of Snowdonia, the figures represent 224,000 years for the 
several oscillations of the glacial ]>eriod Adding the prc-glacial 
period, the computation gives an additional 48,000 years But, let 
us repeat, the figures and data arc somewhat hypothetical 

With regard to the St Acheul beds— said to be the most ancient 
formation m which the ])roducUons of human hands have been found 
— they arc confessedly older than the peat Ixids, and the time required 
for the production of other peat-beds of cciiial thickness has been 
estimated at 7,000 years 'J'he antiquity of the gravel-beds of St 
Acheul may be estimated on two grounds — i (zeneral elevation 
above the level of the valley 2 By estimating the animal remains 
foupd in the gravel-beds, and not in llie peat 'I'lie first (]uestion 
implies the denudation of the valley below the level of the gravel, 
or the elevation of the whole plateau. Each of these operations 
vrourd involve an incalculable tunc, for want of data In the second 
case, judging from the slow rate at which c^uadrujicds have dis- 
appeared in histonc times, the extinct Mammoth and other great 
animals must bav" occupied many centuries 111 dying out, fur the 
notion that they pe.ished at once from sharp and sudden coIil is not 
generally admitted It is vain, however, to fis any date for the first 
appearance of man upon earth Even the mott eslrenie ot l).ir- 
vvinians. — and Mr Wallace admits that man is a m,racle — are at a 
loss to say when the Miocene monkey “ selected ” to lie the Miocene 
man, or, indeed, whether the rude implements of that jicnod arc 
human at all The men of the Stone Age are, for cx.iin]}le, reckoned 
by M Morlot to have lived 5,000 to 7,000 years ago, while other 
geologists do not hesitate to a.ssign them an antiquity t loser upon 
two millions All that we know is, that the advent of the lord of 
creation is much earlier than was at one time su]>posed. 



480 JilP MOKin pproKP nil’ on hue. 

The opinion wliicli pl.ici.'t the ireAtion of uian on the bants of 
the Euphrates m Central Asia is confirraed b> an event of the highest 
importance m the history of hiinianity, and by a crowd of concordant 
traditions, preserved by different rares of men, all tending to confirm 
it. We speak of the Asiatic deluge. ^ 



■The Asiatic deluge — of «huh sacred history has transmitted to 
us the few ixirticiilars vve know— was the result of the iqiheaval of a 
part of the long chain of mountains which ajre a ^prolongation of the 
Caucasus The earth opening by one qf the fissures made in its 
crust in coiirsd of cooling, an eruption of volcanic, matter escaped 
through the ciioimoiis crater so jirochiced Volumes of watery vapour 
or steam acccJinpanied the lava dischardcd from the interior of the 
globe, which, being 'first dissipated in ilouds and afterwards con- 
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densing, descended, *in torrents of ram, and the plains were drowned 
with the volcanic mud The inundation of the plains over an ex- 
tensive radius was the immediate effect of this u|)heaval, aiul the 
formation of the voliamc cone of Mount Ararat, with the \ast 
plateau on which it rests, taltogether 16,1^69 feet .iIkau the sea, the 
[lennanent result TRe event is graphically detailed in the seventh 
chapter of Genesis 

It IS nevertheless, only just to say that while the opinion of the 
nmversality of the Noa<hian Deluge— the “Sm-tloud" of the 
^'eutoiiic peoples - is stilloheld by many theologians and by a few 
geologists the more general belief is that this Latastro[}Iic was jiartial, 
and local 'I'his is aigucd from the absence ot any flood legends 
(most of which are, however, to be received with suspicion) among 
Vhe Papuans, Polynesians and Egyptians, anil probably among 
the Pci:sians and the races of Afnca who have not been inRiienced 
by Mohammedanism and Christianity M TAbbir Motais is even 
ready to maintain that this doctnne, which alone avoids all ethnological 
linguistic difliculties presented by the c'cistence of the great negro 
and yellow races so distinct m cliaiactcristics from the Noaihian type, 
IS quite consistent with Si ripture, tmdition, and the creed of Christi- 
anity. Finally, a school of which Professor Huxley may be regarded 
as the latest and ^east dogmatic exponent, alhrms not only that the 
deluge could not have been a local Jlond m Mesopotamia (the slope 
of that plain being so steep that the Ark would soon have been 
sfrept into the Persian Gulf and stranded on the coasts of Ambui, 
br Hindostan, or Madagascar, instead of on Ararat), but that from 
phystpal reasons the entire story of a flood at all must be a myth. 
He even declares that the Hebrew account was a confiiacd version 
of that inscribed on the Chaldean tablets deciphered by George Smith 
Put whence came the Chaldean story Professor Huxley docs not 
attempt to ^iiggesk The Ikibykmian account differs, it may be re- 
marked, from the Jewish one in licing polytheistic instead of mono- 
theistic, iiT the flood being seven days at its height, m >Lisuthros the 
navigator being, like Enoch, taken to the skies inmicdi.itel> after 
( omingbiit of the afk, and in tliat vessel resting on Kowandi/, the 
highest peak of Eastern Kurdistan, while the birds which lie>cnds out 
m succession are a raven, a dove, and a swallow 

As has already been 'stated, the wati rs which ;i)roduced the 
inundation of th'ese countries proceeded from .1 vole amc eruption 
accompanied by enormous volumes of vapour, which in due course 
becam^ condensed and descended on the earth, inundating the ex- 
tensive plains which 'now stretch away, from the foot of Ararat 'I'he 

le « 



482 ////' woN/n RhhOKh riiF m-ruGF. 

expression, “ the earth,” or “ all the earth ” as it is translated in the 
Vulgate, which might be implied to mean the entire globe, is ex- 
plained by Marcel de Serres, in a learned book entitled “ Ixi Cos- 
mogome de Moise,” and other philologists, as being an inacxurate 
translation. He has proved that the Hebrew word Aaarets, in- 
correctly translated “all the earth,” is often used in the sense oi 
region or country, and that, in this instance, Moses used it to express 
only the jiart of the globe which was then peopled, and not its entire 
surface In the same manner “ the mountains ” (rendered “ all the 
mountains” in the Vulgate), only implies qjl the mountains known te • 
Moses Similarly, M Glaire, in the “ Christomathie H^braique," 
whu h he has placed at the end of his Grammar, quotes the passage 
in this sense “ The waters were so prodigiously increased, diat the 
highest mountains of the vast horizon were coVered by them thur 
restricting the mountains covered by the inundation to those bounded 
by the liori/on • 

Nothing occurs, therefore, m the descrqition given by Moses, to 
hinder us Irom seeing in the Asutic deluge a means made use of by 
Go<l to ( lustise and punish the human rac c, then in the infancy of its 
existence, and which had strayed from the ixith which He had marked 
out for It It seems to establish the countries lying at the foot of the 
Caucasus as the c radle of the human race , and it seems to establish 
also the iqiheaval of a chain of mountains, precc'ded by^n eruption 
of volcanic mud, which drowned vast terntones entirely compost, in 
these regions, of plains of great extent Of this deluge many r^es 
besides the Jews have preserved a tradition Moses dates rt from 

1.500 to 1,800 }ears before the «iMx.h m which he wrote. Berosus, 
the Chaldean historian, w'ho wrote at Babylon m the tune pf 
Ale\.mdcr, speaks of a universal deluge, the date of winch he places 
imniediately before the reign of Belus, the father of Nmus. 

The Vtiias, or sacred books of the Hindus, lupposed to have 
been composed about the same time os Genesis, that is, about 

3.500 years ago, make out that the deluge occurred 1,500 years 
before their time The Gudms speak of the same event as having 
occurred about the same date 

Confucius, the celobratc'd Chinese philosopher and lawgiver, born 
towards the }ear 551 before Chnst, begins his history of China by 
speaking of the hmperor named Jas, whom he represents as making 
the waters flow back, which, being raised to the heavens, washed the 
feet of the highest mountains, covered the less elevated hills, and 
inundated the plains, Thus the Bibhcxil deluge '(Plaie XXXIII ) is 
confirmed in many respects , but it was loc:al, like all phenomena of 
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the kind, and was the result of the upheaval of the mountains of 
western Asia. 

A delufre, i|uitc of modern date, conveys a tolerably exact idea of 
this kind of phenomenon We recall the circumstances the better to 
^comprehend the true nature of the ravages the deluge inflicted uixm 
some Asiatic countries in the Quaternary period At six days’ 
journey from the city of Mexico there existed, in 1759, a fertile and 
well-cultivated distru t, where grew abundance of ncc, mai/e, and 
. bananas. In the month of J line frightful earth(]uakes shook the 
ground, and were continued unceasingly for two whole months On 
the night of the a 8th September the earth was violently « onvulsed, 
and a region of many leagues in evtent was slowly raised until it 
, attained a height of about 500 feet over a surface of many scpiarc 
leagues The earth undulated like the waves of the sea in a tempest , 
thousands of small hills alternately rose and fell, and, finally, an im- 
mense gulf opened, from which smoke, fire, red-hot stones and ashes 
were violently disiharged, and darted to jiruthgious heights Six 
mountains emerged from this gaping gulf, among whuh the vokanic 
mountain Jonillo rises 2,890 feet above the ancient plain, to the 
height of 4,265 feet above the sea 

At the moment when the earthquake commenred the two rivers 
Cuihmba and Sttti Vaito flowed Ixtckwards, inundating all the plain 
now occupied by Jorullo , but in the regions which continually rose, 
,a gulf opened and swallowed up the rivers I'hey reappeared to the 
, west) but at a point very distant from their former beds 

This inundation reminds us on a small scale of the phenomena 
whtch attended the deluge of Noah 

\ 

Besides the deposits resulting from the iiartsal deluges which we 
have describcxV as o< i urnng in Euru]>e and Asia during the Quater- 
nary epoch ther^ were produced in the same period many new 
formations 'resulting from the deposition of allm’ta thrown clown by 
seas 'and rivers These deposits are always few in nuiiiber, and 
widely, disseminated Their stratification is as regular as that of 'any 
which belong to prec:eding penods , they are ihstingiiished from those* 
of the Tertiary epoch, with which they are most likely to be con- 
founded, by their situation, which is very frequently upon the shores 
of the sea, and by the predominance of shells of a Species identical 
with those now living m the adjacent seas. 

A marine formation of this kind, which, _after constituting the 
coast of Sicily, pnncqially on the side of flirgeliti, Syracuse, Catania, 
and Palermo, occupies the centre of the islabd, where it rises to the 
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height of 3,000 feet, is atnongst the most remarkable of the great 
Quaternary Kiiropean productions It is chielly formed of tiro great 
bcils , the lower n bluisli argillaceous marl, the other a coarse but 
very compat t limestone, both containing sb^ells analogous to those of 
the ])resent Mediterranean ( oast 'flie same fennation is found, ir^ 
the neighbouring ishinds, cbpcctally in &irdinia and Malta The great 
sandy deserts of Africa, as well as the nrgillo-arenaceous formation of 
the steppes of Eastern Russia, and the fertile Tchemarem, or 
“ Hack earth " of its southern plains, hav^ the same geological age ; 
so have the Travertines of Tii^ny, Najilcs, and Rome, and the 
Tufas, vvhuh are an essential constituent of the Ncajiolitan soil 

The pampas of South America— vvhuh lonsist of an ai^illaccous 
soil of a deep reddish-brown c olour, with hon/ontal beds of marly 
tlay and lalrareoiis tufa, containing shells either acliially living now 
in the Atlantic, or identical with Ircsh-water shells of the country — 
ought surely to he coiisulercd as a Quaternary deiio^it, of even 
greater e\tent than the jircccding 

We arc now a]>pr<)acluiig so near to our own age that wo can, as 
It were, trace the hand of Nature in her works Sir And Ramsiy 
shows. 111 the Memoirs of the (iovemment (Jeologic-il Survey, that 
beds ncMrly a mile 111 tliukncss have been removed by deiniilation 
from the summit of the Afendip Hills, and that broad areas in South 
Wales and tJic iicMghhouring I'ouiitics have been denude^d of their 
higher beds, the materials being transported elsewhere to form neiye^ 
strati Now, no combination of causes has been imagined which has 
not involved submersion <hiring long penoils, .ind subse«iueiit eleva- 
tion for jierioils of longer or shorter duration 

^Ve can hardly walk any great distance along the loa^t cither of 
Englanil or Scotland, without remarking some Hat terrace of iine(|iial 
breadth, .ind backed by a more or less steep escarpment — upon such 
a terrace many of the towns along the coast are buiH- No geolc^ist 
now doubts that this fine platform, at the base of which is a dcjiosit 
of loam or sandy gravel, with marine shells, had been, at some period, 
,tlie line of coast against which the waves of the ocean once Ivoke at 
high water At that period the sea rose twenty, ami thirty, and some 
places a hundred feet higher than it does now 'I’he ancient sea- 
beaches III sopie places formed terraces of sand and gravel, with 
httoral shells, some broken, others entire, and corresiiondmg with 
species in the seas below , in others they form bold projecting pro 
montorics or deep bp.ys In an historical point of view, this coast- 
line should be very ancient, though it may be only of yesterday in a 
geological sense- -Its origin ascending far beycmil written tradition. 
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The wall of Antoninus, raised by the Romans as a iirotection from 
the attacks of the Caledonians, was built, in the^ opinion of the best 
authorities, not in connection with the old, but 'with the new < oast- 
line We may, then, conclude that in a . i > 140, when the greater 
^pait of this wall was constnicted, the /one of the ancient coast- 
line had attained its present elevation above the actual level of 
the sea. 

The same proofs of a general and gradual elevation of Britain are 
observable almost everywhere in the estuary of the Clyde, canoes 
and other works of art nave been exhumed, and assigned to a recent 
period. Near St Austell, and at Carnon, in Cornwall, human ^kulls 
and other relics have been met with lieiieatli marine strata, in whuli 
the bones of whales an<l still existing species of land ipiadrupeds were 
imbedded But in the countries where hanl limestone rot ks prevail, 
111 the ancient I'clop^nncsus, along the coast of Argohs and Arcadia, 
three and even four ranges of ancient sea-cliffs are well preserved, 
which Messrs Boblaye and v^erlet describe as rising one above the 
other, at different distances from the present coast, sometimes to the 
height of 1,000 feet, as if the upheaving force had been suspended 
for a tunc, leaving the waves and currents to throw dow n and shape 
the successive ranges of lofty cliffs On the other hand, some 
well-known histcncal sites may lie adiluccd ns nffonhng cvidimc of 
the subsidence of the coast-hne of the Meiliterranean 111 tunes com- 
paratively modern In the Bay of Ikii.'e, the celebrated temple of 
Serapis, at Pu/zuoli, near Naples, which was onginnlly built about 100 
feet from the sea, and at or near jts present level, exhibits pniofs of 
having gradually sunk nineteen feet, and of a subseiiucnt elevation 
of the ground on which the temple stands of nearly the same 
amount. 

So, also, about half a mile along the sea-shore, anil standing at 
some distance from it, in the sea, there arc the remains of biulilings 
and colimms w'luch bear the name of the 'I’emples of the N>mijhs 
and of’ Neptune, 'fhe tops of these broken columns .ire now 
nearly on a level with the siirfai e of the water, whu h is about five 
feet deep 

With respect to the littoral deposits of the Quaternary period, 
they are of very limited extent, except in a few Inialities 'I’hey 
ore found on. the western coast of Norwaj, and on the coasts of 
England. In Franc e, an extensive bed of Quaternary formation is 
seen on the shores of the ancient Gmenne, and on other jiarts of the 
coast, where it is. sometimes concealed by tices and shnibs, or by 
blown sand, as at l)ax m the lomdes, where a steep bank may be 
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traced about twelve miles inland, and lurallel witn tlie present C(<ast, 
which falls suddenly about fifty feet from a higher platform of the 
land, to a lower one extending to the sea In making some excava- 
tions for the foundations of a building at Abesse, in 1830, it was 
discovered that this fall consisted of drul-sand, filling up a steep 
perpendicular rliff about fifty feet high, consistiijg of a bed of Tertiary 
clay extending to the sea, a bed of limestone with Tertiary shells and 
corals, and, at the summit, the Tertiary sand of the Jaindes The 
marine beds, together with the alluvium of the rivers, have given' 
nse to those deposits w’.iich occur more cspeciallv near the mouths 
of rivers and watercourses. 



Fig- 901 —Shell of Planorbis coriieiis. 
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EPILOGUE 

•" I 

H AVI NO considered the past history of the globe, we iiuiy now bt 
permitted to bestow a glanrc upon the future which .iw.iits it 

Can the ai tual slate of the earth lie considered as definitive ^ 'I'hc 
revolutions which have fashioned its siirfaie, and iirodiued tlie \lps 
in Iviiropc, Mount Ararat in Asia, the Cordilleras iii tlie New 
World — ire they to hi the last^ In a word, will tiu terrestrial 
sjiherc for ever prc.servt the form under which we know it as it 
lias been, so to sjieak, inii>resscd on our meinoriLs b> the maps of 
the geographers ’ 

It IS clidiciilt to reply with anj ccinlidence to this i|iiLStion , 
nevertheless, our readers will not object to .iccumpaiii us a step 
further, while we express an opinion, founded on iinalogj and sc len- 
tifir induction 

AVhat are the causes whu h hav'c prochic ud the jireseiit incc]iia1ities 
of tjie globe the mountain-ranges, c onlineiits, .iiul waters? I'he 
primordial cause is, as we have had rrc(|iienl oc casion to re]>e.it, the 
cooling of the earth, and the pmgresuve solidification of the external 
c riist,'thc nurleus of whu h still remains in a fluid or v 'sc mis si lU* 
'I'hese have produced the rontortions, furrows, aiul frac lures wliu h 
have led to the elevation ui the great mountain ranges and the cle^ 
prcssion of the gieat valleys ~ which have caused some coulinents to 
cmeige from the be'l of ocean ‘and liave subniergccl others 'I he 
secondary causes which have contrilvuted to the fornitilii n of a v.ist 
extent of dry land are due to the seehmenlarj deposits, which liave 
resulted an the rrcalion of new c cmtmeiits by tilling up the basins of 
the ancient se,Ls 

Now these two causes, •ilthoiigh in a minor degree, continue in 
operation to the present da) The thickness of tlic teriestrial crust 
IS only a small frartion compared to that of the internai Iii|uid mass 
'I'hc principal cause, then, of the great disloc nlions of the earth’s c inst 
is, so to sfigak., at our gates , ft threatens iis iinc e,V'iiigI\ ( )f this the’ 
earthejuakes and volcanic crujitions, which are still freipient m our 

10 * 



490 T'Ht' WORLD REVORE THE DELUGE 

m 

day, give us (Iis.istroiis and me imtestable prubfs On the other 
hand, uur seas arc < ontinually forming new land the beil ut the 
Haltic Sea, for instance, is gradual!} rising, in ronseqiicni e of the 
deposits which will olniousU fill ii]) its area entirel) m an interval 
of time whi(h it might not be iin|M)ssible so calculate 

It IS, then, probable that the attual condition ol the surface 'anti 
the respective hmils of seas anil i ontinents have nothing fixed or 
definite in them — that thei are, on the cuntran, open to great modi- 
fications in the til I lire 

'I'hcre IS anothei problem much more Kiihcult of solution than th? 
preceding, but for whicli neither induction nor analogy affords us 
any certain data vi/ , the perpetuity of our spec les Is man dodmed 
to disappear from tlie eirtli some day, like all the races of animals 
wliith jjrecedcd him and prcjxircHl tlK nay lor his advent? Will a* 
new gluthil pi) hhi, analogous to (hat which, during the Qiuteniary 
period, was felt so rigoroiislv, again come loiind to put an end to his 
existence^ l.ikc the rrihjlutcs ol 'the Silurian period, the great 
Reptiles of the bias, the Mastodons ol the lLTliar>,and the Mega- 
theruinis ol the (^ii ilern.iry epoc K is ihi hum.in spec ics to be anni- 
hilated to perish from the globe bv a simple natural extmc turn ? Or 
must we beheve that iiian, gifled with the atlributc oi reason, marked, 
SC) to say, with the I )i\ me seal, is to be the iiUigiatc and supreme 
terra of c realion ^ 

Science c.uinot pronounce upon these grave c|iiesMons, w'hic,h 
exceed the competence, and extend beyond the circle of huuiali 
reasoning It is not impossible that man should be onl} a step in* 
the ascending and progressive sc"ile of animalccl bc'ings The Ibxiiie 
Power which has lavished upon the eaith life, sentiment, and thought', 
which has given ()rganis.nion to plants, to animals motion, sensa 
tioii, and intelhgenc c to man m addition to these multijjlc gilts, the 
fac ulty of reason, douliled in value b} the ideal ‘reserves to llim- 
selt perhajjs m His wisdom the privilege of crt.iting .ilongside of 
man, or alter him, a being still more jjeifeit 'Plus new being, reli- 
gion ind modern poesv would present in the ethereal and radiant 
tv pe ot the Christian angel with mural c|iialitiLs whose natilre and 
essciic e wcnilil CSC a]ie oiii ]icncptions — ol which we could no more 
form i notion than ohe born blind could conceive ot oohair, or the 
(led and dumb of soiincl P) ii))l irijUiUi's mti^ihs Iht They will 
be as the .inge-ls of (loci,’ s.i}s Holy Seiipliire, speaking of man 
raised to the life eteinnl 

During the Metamorphic ejMxh the mm'nil kingih))n existed 
alone , the rocks, silent and sobtiry, were all th.rt was yet fomied of 
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the burning earth ' During the Pnmaiy cpocn, the vegetable king- 
dom, newly (.reated, extended itself over the whole globe, which it 
soon covered from pole to pole with ,iii uninterrupted mass of 
verdure During the Secondary and 'rcrtiary epoths, the vegetable 
and animal kingdoms dutdeil the earth lietwcen them In the 
(Quaternary epoch the 'human kingdom appeared Is it m the future 
destinies of our planet to rece.ve yet another lord ? And after the 
four kingdoms w huh now occupy it, is there to be a nno kingdom 
created, the attributes of which can never be anything but an impe- 
'Tietrable mystery, and whu'h will differ from man in as great a degree 
as man differs from the other anim.ils, and ])lants from ro< ks? 

We must be contented with su|a;esttng, without hoping to solve, 
this formidable problem It is a great mystery, which, at cording to 
'the fine expression of Pliny, “lies hidden mtlie majesty of Nature,” 
laid in mnj^statf naturm , or (to speak more in the spirit of Christian 
philosophy) It is known only to the Almighty Creator of the 
Universe. • 
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